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INTRODUCTION 


ongtime readers of The Home Shop Machinist and Machinist’s Workshop 

will recognize the name James McKnight as the creator of numerous power 
tool projects based upon easy fabrication in the home shop. His fertile mind has 
enriched the inventory of the hobby machinist both in skills and equipment. 
Over the past ten years, James has designed, built and written articles for over 
twenty-five projects while still finding time to build museum-quality ship 
models and clocks. 


Enlisting at the tender age of 17, in 1943, James entered the US Air Force in 
1944 when he turned 18 and served through the end of World War II stationed 
on one of the Hawaiian Islands. After the war ended, he became skilled 

in radio mechanics. 


After the war, his skills in the service helped him find employment with the 
Eastman Kodak Company where he was hired in as a messenger and tool crib 
attendant. To enhance his technical abilities, he attended eight years of evening 
classes at the Rochester Institute of Technology and two years with the Inter- 
national Correspondence School. Jim’s efforts were rewarded with advancements 
into the model shop where he further honed his mechanical skills and spent 
twelve years as an instrument maker. He was promoted to supervisor of the 
research and development machine shop and one specialized assembly area. 
Eventually, he was promoted to Supervisor of Manufacturing Engineering, the 
position from which he retired. A number of the smaller metalworking tools and 
gages contained in this book were developed by James for use in the model shop. 


After thirty-nine years of employment with the Kodak Company, a retired 
James now enjoys his family and favorite pastimes. He and his wife, Shirley, 
have six children, nineteen grandchildren and fourteen great-grandchildren. 
Family gatherings are a special event for the McKnights! 


Several of James’ sons are into woodworking, which spurred his interest in 
fabricating special woodworking machines that proved beneficial in their pursuit. 
James enjoys designing and fabricating clocks where his fretwork saw became a 
major tool. Model ship-building is another hobby that James enjoys, and it too 
influenced the design and fabrication of other powered tools also included in this 
volume. The majority of equipment in the author’s shop is homebuilt, filling the 
need for tools and simultaneously satisfying the need for creativity. 


Whether you are principally a metalworking machinist or a woodworker, you'll 
find the author’s projects contained in this book, The Shop Wisdom of James 
McKnight, to be useful and valued possessions where you too can enjoy two 
worlds — metalworking and woodworking. 


NAK 


NOTE: The names, addresses and phone numbers of material suppliers 
noted throughout this volume have been updated to the best of our ability 
as of first printing, for the builder’s convenience. Any changes after the 
April 2009 copyright date are beyond our reach to fastidiously locate in text 
and revise. We apologize for any inconvenience this may incur. 
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Precision Grinding Fixture for Tool Bits 
Sine Plate 

V-Block/Center Drilling Fixture 
Filing Parallel 

Self-centering Drill Jig 
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Portable 
Power Band 
Saw 
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Lay out the handle support (Detail 2) 
and drill two 3/16" diameter relief 
holes. Use a band saw to rough cut the 
piece to the outside dimensions. Clamp 
these two pieces together, mount them 
in the mill vise, and finish machine 
them to size. Lay out all of the holes, 
center punch, drill, tap, and counter- 
bore them as shown. Note there is 

a left-hand and right-hand part. 


Mill the motor support (Detail 3) and 
the motor mount (Detail 4) to the 
outside dimensions shown. Machine 
the outside areas of the handle clamp 
(Detail 5). Cut through the slot area with 
a band saw. Clamp this part in a mill 
vise and finish machine the slot areas. 


Front view of the saw with the plates. 


ome time ago, while checking out the tool 

section of our local home improvement store, 

I was impressed by a portable power band saw 
that was on display. It was obvious this was a very 
useful tool, but one that would seldom be used. 
Because of the price, I said to myself: “Why can’t I 
make one, since most of my other power tools have 
been fabricated in my own shop?” The following is 
the procedure I used to construct this unit. 


Start with the main frame (Detail 1). Machine to the 
outside dimensions on the milling machine. Lay out 
all of the cutouts, slots, and holes. Center punch, 
drill, ream, and tap all holes. Add the 3/16" diameter 
holes at the four corners of the rectangular slot and 
two at the cutout. With a band saw, rough-cut all of 
the material away from the 2-3/8" x 6-7/16" cutout. 
Set the piece up in the mill and finish machining 
the 2-3/8" < 6-7/16" area and the 3/4" x 3" slot. 


View of the saw with the plates removed, showing the pulleys. 


. 3.50 ~| ~17/64 drill thru 
2.38 c'sink for 1/4 FHCS 
; 3 places 
38 A Ponte 
HO | 
No. 8* drill thru 71-50 r 
re places | 
OF © | 3.13 = Tap drill -1.50 deep - 2.88 - 
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et 1697 2 places 
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eo fe i | 
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MOTOR MOUNT __ Dims marked * may differ HANDLE CLAMP 


mat'l - aluminum with your drive motor mat'l - aluminum 
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BILL OF MATERIALS 


20 


Tracking Adjust 


Motor Spacer 


Drive Shaft 
Handle-A 
Blade Guard 


CRS 


Aluminum 


Drill Rod 


Aluminum 


CRS 


Aluminum Angle 


1/4-20 x 2-1/4" 
3/8" Dia x 172" 
5/8" Dia x 1-9/16 


NO. ont NAME |__ MATERIAL aI SIZE ils, QTY. a 
] Main Frame Aluminum 3/8" x 4-1/2" x 19-5/8" ] 
2 Handle Support Aluminum (2 eA ee! 2 ee 
[ 3 Motor Support Aluminum 3/8" x 3-5/8" x 4-1/2" 1 
A Motor Mount Aluminum ale 1/4" x 3-1/2" x 47/8" 1 
r_ ala 
5 Handle Clamp Aluminum 1/4" x 2-1/16" x 2-7/8" iy ] 
6 Guide Wheel Hardwood mal 3/4" x 5-1/4" x 5-1/4" 1 | ; 
Aluminum 3/32" x 5-5/8" x 5-5/8" al 2 . 
7 Drive Wheel Hardwood 3/4" x 5-1/4" x 5-1/4" ] =" 
3/32". x 5:5/8 055) nl 
8 Blade Guide-A A Aluminum 3/4" < 1-1/16" x 3" 1 
B Aluminum (aes x 1-1/16" x 1-1/4" ] 
C Aluminum fa" X20 Seely | 1 
D CRS 3/8" Dia x 1-3/16" 4 | 
9 Blade Guide-B A Aluminum 3/4" < 1-1/16" x 3" ] 
B Aluminum 1/2" x 1-1/16" x 1-1/4" ] _| 
C Aluminum 1/2" x 1/2" x 1-1/4" al | 
10 Handle Mount Aluminum 3/8" x 1-1/2" x 2-5/8" | | 
11 Bearing Holder-A Aluminum 5/8" x 2-1/4" x 2-1/4" 1 
12 Bearing Holder-B Aluminum [ 1/2" x 2-1/4" x 4" ] 
13 Tilt Shaft Support Aluminum La" x OF 8) 7 1 
Drill Rod 1/2" Dia x 3-1/4" ] 
14 __ | Tracking Mount Aluminum 3/8" x 1-1/2" x 2-1/2" FS pag 
Lig Tension Bar Aluminum 1/2" x 2-1/4" x 33/16" L.| 
16 Tension Plate Aluminum 1/4" x 2-1/4" x 3-1/4" ai 1 At, 
] 
wall arly a 
2 
4 


Aluminum 1/2" Dia x 3/4" 
J 
Threaded Rod 


] 
1 
] 
2 
22 Motor Spacer Aluminum 5/8" Dia x 1-15/16" ] 
23 Stop Aluminum 3/8" x 1-1/4" x 4-7/8" 1 
1 
1 
] 
2 
1 
] 


" " " 
1/16" x 2-11/16" x 3 


1/16" x 13/16" x 3" ] = 
28 Drive Wheel Guard Aluminum 1/16" x 5-7/16" x 61/8" Mes 1 
=f 1/16" x 3" x 3-5/8" ] 
29 Chain Guard Aluminum 1/16" X 2-13/16" x 10" 1 
=o 1/16" x 3" x 43/8" ] 
| _ 30 Drive Wheel Clamp Aluminum 2 Dian 1/2" ‘LE 1 
31 | SW Bracket | Aluminum Angle 1/8" x 3/4" x 1-1/4" «x 1" ] 
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STEN 
<a LORRI 


= 24 


v 
(30) 7 a AS 


SECTION THRU 
DRIVE SHAFT 


Mount project box 
hy in this area. 


17 


15) (16 (6 


SECTION THRU 
IDLER SHAFT 


REAR VIEW 


Back cover removed, showing the drive motor. Side view with cover in place. 
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HARDWARE BILL OF MATERIALS 


AJ 


AP 


AT 


Peel Shim Washers 


Oilite Bearing Flanged 


Nuts 
Washers 
a 
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ONO N/A 21D 


1/2" ID x 5/8" OD x 3/4" lon 


8-32, 10-32, 1/4-20, 5/16-18 
87710, -V7Au Salo" 


Gear Motor Source: Surplus Center, 1015 West “O” Street, Lincoln, NE 68501-2209 


—_—_ 


NO. TYPE SIZE ar. | 
A__| Ball Bearings, shielded [| 1/4"1D x 5/8" OD x 3/16" wide [8 
| B Blade Stop (from lawn mower motor) _ _ | 1/4" stem x 3/4" face x 1-1/4" long 2 
Cc Knob 1/2" x 1" with 1/4-20 x 1-7/8" le ] 
[ Stud and Lock Nut a 
D _| Gear Motor (See address below) | eS VAC, 120 RPM, 1/10 HP, 44 in/Ibs torque 1 2 | 
E__|_Chain Sprocket [172"1D x 3-1/4" ID x 1/4" pitch i Pa 
LF Sprocket | 3/8" ID x 1" OD x 1/4" pitch at 
Le Chain ~| 174" pitch x 14" long | tees 1 
| H | Allen Head Cap Screws 10-32 x 1" 4 
J [1032 x 3/4" 7 
[- W 
kK 4 1/4-20 x 1-1/4 | O=7aaal 
az | 8-32 x 1-1/2" 2 
M [17420 x 1/2" | call 
| oN Round Head Mach. Screws 8-32 x 3/8" 7, 

P [8-32 x 1/2" ee | 
| eR | 8-32 x 3/4" ame S| 
S a 10-24 x 2" 4 

=a 1/420 x 3/4" 
U —|-1/420 x 1" | 2 
V [Flat Head Wood Screws [No.6 x 3/8" He 6 = 
W__|_-Flat Head Mach. Screws | 8-32 x 3/4" Ay 2 
| eR lo 8.32 x 1-1/4" 2 
Y [10-24 x 3/4" 2 
IL | 
Z Lt 1/4-20 x 3/4" om | 
6 


— 


AB Allen Head Setscrews 8-32 x 1/4" 

AC 1/4-20 x 1/2" 

AD Hex Head Bolt 1/4-20 x 1" 

AE Clip Nuts 8-32 

AF Pop Rivets No. 8 x 1/2" 

AG Dowel Pin 1/8" Dia x 2" 

AH Project box w/cover 1-1/2" x.2-1/2" « 5" 


N JA IlH JH IN I}O]N 1h ]— | IN] po | ph 


AR Oilite Bearing 1/2" ID x 5/8" OD x 5/8" long 
AS Ball Bearing 1/2" ID x 1-1/4" OD x 3/8" wide 
SW-MOM ON : 

14-2 W/G Electric Cord 18" w/plug 1 

Wire, Stranded 14 GA AR 
AU Handle (Excer Mach) 1-1/2" Dia x 7", 5/16-18 x 1-1/2" Stud 1 
AV No. 8 x 1" Pan Head Wood Screw 3 
AW 1/4" Flat Washer Type B 2 
AX Band Saw Blade 1/2" wide, 18 TPI, 45" lon ] 

\ [a << a —————_$_$__~_ es WIRE | Nm OC ees een ear) ieee 


AR 
AR 


AK Spacers 3/16" ID x 1/2" OD x 1/4" : 
AL 1/2" ID x 3/4" OD x 1/16" 

AM Knob 3/8" knurl Hd, 8-32 x 1/2" Nut 

AN 1/16" Rubber Sleeve "ID x 12" 


6A ) GUIDE WHEEL HUB 
mat'l - hardwood 


Drill and c'sink for No.6 FHWS 
2 places equally spaced 


093 |= 


B ) GUIDE WHEEL FRONT RIM 
mat'l - aluminum 


Drill and c'sink for No. 6 FHWS 
3 places equally spaced 


(6c) REAR RIM 
mat'l - aluminum 


.50 dowel-— 


Add work holes 
as required. 


FIXTURE A 


—_! 


(7) DRIVE WHEEL ASSEMBLY 


4 


(7A) DRIVE WHEEL HUB 
mat'l - hardwood 


Drill and c'sink for No.6 FHWS 
3 placed equally spaced 


05.50 


For the guide wheel (Detail 6), lay out a 5" 
diameter on a 3/4" x 5-1/4" x 5-1/4" piece of 
hardwood. Drill and ream the 5/8" diameter hole. 
Press the 5/8" long oilite bearing in place. 

Rough cut the piece to a 5" diameter. 


For Fixture A, drill and ream a 1/2" diameter hole 
in the center of a scrap piece of 1/2" x 6" x 6" 
aluminum. Slip fit a 1/2" x 1" dowel pin in the 
hole. Place the part on this fixture. Add two 
3/16" diameter work holes in the fixture, mount 
it in a four-jaw chuck or faceplate, indicate the 
face to run true, and add a dowel pin on center. 
Remount the part onto the fixture and clamp 

it with two 10-32 screws. Turn the outside 
diameter to 5", and counterbore 15/16" x 1/8" 
deep (note the 3° taper). 


Rough trim both rims to the 5-1/2" 
diameter, drill, and ream a 1/2" 
diameter hole in the center of both 
pieces. Drill two 3/16" diameter 
work holes in the rims to match 

the tapped holes in the fixture. 
Place these rims on the fixture in 
the lathe. Clamp them together with 
two 10-32 screws and turn the 
outside diameter to 5-1/2". Place a 
1/2" diameter dowel pin in the oilite 
bearing and mount the rims on each 
side of the hardwood disk. Lay out, 
drill, and countersink for three 

No. 6 x 1/4 FHW screws on each 
side, spotting through to the disk. 


Assemble the rear rim by drilling 
small pilot holes in the disk (use 


afer taper 
63 — Remove the front rim, clamp it to 
the lathe fixture, remove the dowel 
pin, and bore out the 1-1/2" center 
ree hole. Cement the rubber tire 
< -- 95.00 into place. 


tt 1/2" dowel to center rim), and 


assemble the front rim using the 
rear rim to center it. Drill the pilot 
holes and clamp it all together with 
three No. 6 x 1/4 FHW screws. 


The drive wheel (Detail 7) is 
fabricated using the same process. 
The drive wheel clamp (Detail 33) 


64.00 _||_ will be spotted and mounted later. 


.093 —-|= 


(78) DRIVE WHEEL FRONT RIM 


mat'l - aluminum 
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Blade guide A and blade guide B are fairly complex 
fabrications. Start by machining 3/4" stock for blade 
guide A square and to the given outside dimensions. 
Mill a 30° angle, holding the 1-7/16" dimension. Square 
up two 1/2" thick pieces, holding all outside 
dimensions. Coat a 3/4" piece with layout dye and lay 
out all of the hole positions. Drill two 7/32" diameter 
holes. Clamp this part in the mill vise with the front 
face exactly parallel to the table. Locate, drill, and ream 
two 1/4" diameter holes for the bearing shafts, holding 
the .665" dimension. 


Drill and tap the 8/32 threads in four places and the 
10-32 threads in one place. Lay out and drill two 7 {32" 
diameter holes and the 10-32 tap in the spacer. Lay out 
and drill two clearance holes for 8-32 screws, 8-32 tap, 
and a 1/4" diameter reamed hole in the stepped 

1/2" 1/2" piece. Mount a piece of 3/8" diameter CRS 
in a lathe collet. Turn this piece to the 1 /4" diameter by 
1-1/4" long for a good press fit in the main mount. 
Perform a cut off, leaving a 1/8" x 3/8" diameter head. 
Assemble the shielded ball bearings (Item A) and the 
spacer (Detail 19) onto the shafts. Press this into place 
as shown, and clamp them together with setscrews. 


®.25 - 2 places 


8-32 tap 
.38 deep 


Be sure the bearings are free running. Add the valve 
(Item B) to the 1/2" 1/2" piece, mount it in place, 
and clamp the parts with 8-32 RHMS. Install an 8-32 
setscrew and adjust the face to the 1/16" dimension. 
Blade guide B is fabricated and assembled by following 
the same procedure. Square up the handle mount 
(Detail 10), sand the radii, and drill the three holes. 


Mill bearing holder A (Detail 11) to size. Lay out and 
add two holes for flat head screws. Drill and ream a 
1/2" diameter hole at the center of the part. Set this up 
in a lathe chuck and indicate the face and the hole to 
run true. Bore the 1" diameter hole and counterbore for 
a good slip fit of the ball bearing. Mill bearing holder B 
(Detail 12) square and cut the angle. Add two 17/64" 
diameter holes, drill, and ream a 1 /2" diameter hole at 
the 1" hole location. 


10-32 tap 
.38 deep 


25 


44 

10-32 tap 

BLADE GUIDE Bopy_ -44 deep 
mat'l - aluminum 


G17 


P— 1.25 2 places 
16-4 .94 3 
de 7 paren 
1\@. | ha 258 
134 taste 
4a 7.75 + 8-32 tap 
aed | 0.25 
TT 


GUIDE MOUNT 
mat'l - aluminum 
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@.22 
2 places 


8B SPACER BLOCK 
mat'l aluminum 


@.25 
Chamfer 


(80) BEARING SPINDLE 
mat'l - CRS 


G.25 - 2 places 


@.22 - 2 places 
.19 


0-32 tap - .44 deep (0A) BLADE GUIDE BODY 


mat'l - aluminum 


—!' 
| 1 | | .50 8-32 tap 
ul Lf ' 314 
- @. 50 
38 on 
i il 2 places DAT no) ae ' 
38 31 2 places PL ag 
ft ae Clamp this piece to the lathe faceplate, 
Cit.25'2° indicate the hole to run true, bore out the 
31-1 19 “TT 


(98) SPACER BLOCK 
mat'l - aluminum 


qe (R19 typ 
Le! 75 38 ++ 
pam ra 
50 | |. 
0.27 at seo 
2 places 
1.25 
| 2.63 
; 50 ee 
Oe [ a 
1/4-20 tap i 


HANDLE MOUNT 
mat'l - aluminum 


—Driil and c'sink for 


2.25 == 


No. 10 FHMS 
L— 4.43 -+| 2 places 
| 63 & 
— 
25 (za 
2.25 
lick 
| 
1.13 ne 
| VZZA 
ag: 
61.250 $1.00 


BEARING HOLDER "A" 
mat'l - aluminum 


(9c) GUIDE MOUNT 
mat'l aluminum 


25 


mew 


1" hole, and counterbore for a good slip fit 

of the ball bearing. Mill the tilt shaft 

support (Detail 13) to size. Lay out, drill, 

and tap the tapped holes. Drill and ream a 

1/2" diameter hole on center. Face the ends 
of 1/2" diameter drill rod on the lathe. Assemble this to 
the aluminum part holding to the 1-13/16" dimension. » 
Drill and ream a hole for the 1/8" dowel. 


Disassemble and mount the aluminum piece in the 
mill vise. Indicate on center and mill 1/2" x 5/8" slot as 
shown. Assemble the rod and the aluminum part, and 
press the 1/8" x 2" dowel in place. Be sure to mark parts 
as you fabricate them for proper alignment. Drill and — 
ream the 1/8" hole from both sides in order to prevent 
drill wander. 


GQ .27 - 2 places 
4.00 


Lf 3.25 ; 
25 th J SO 
1.250 | Y 
2.25 
gree tap 
©; | 7 
, a; 1.00 4.19 | 38 
1.081: tig, © i | 
1.81 7 oot 
- 2.81 BEARING HOLDER "B" 


mat'l - aluminum 
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TILT SHAFT ASSEMBLY 


Square up the tracking mount 


Chamfer both ends 


3.00 


€.125 thru 
for roll pin 


@.50 


(34) 


0 


@.125 to 
fit roll pin 


TILT SHAFT 
mat'l - drill rod 


(Detail 14) in the mill, lay out ag be in ae 
all holes and drill them. ata! ch ra 
Machine the tension bar , | __ .t frp 
(Detail 15) to size. Lay out, i na 44 /| 0.27 

drill, and countersink the two jg Y a 2.50 |. 
holes shown. Drill and ream a S | nn 
1/2" diameter hole. Mount hi 44 ++] 4.95 

this to the lathe faceplate, Hs tyes. ieee 
indicate the hole to 38 | heal Vidi 
run true, and bore the J 59—laol 


1" x 3/32" recess. Mount this 
in the mill vise, indicate the 
center, and mill the 

1/2" x 5/8" slot. 


Mill both parts of the tension plate 
(Detail 16) square. Clamp them 
together as shown. Drill, clear, 
countersink, and tap for two 8-32 
FHMS. De-grease and re-assemble with 
screws. Add the 1/4-20 tapped hole. 
Clamp this piece in a mill vise. Locate 
and mill the 1/2" x 5/8" slot. Mill the 
guide bar (Detail 17) to size and add the 
three holes as indicated. Make the 
spacer (Detail 19) on your lathe. 


Place the 1/2" diameter stock for 
tracking adjust (Detail 20) in a lathe 
collet, knurl, tap 1/4-20 through and 
cut the piece off. Face both ends of a 
1/4-20 threaded rod for Detail 20B. 
Place a piece of 3/8" stock in a lathe 
collet and drill and tap as shown for 
Detail 20C. Face both ends of the 
motor spacer (Details 21 and 22) in 
a lathe collet and add the 1/4-20 
tapped holes. 


10 


Wy 


oy 


(14) TRACKING MOUNT 
mat'l - aluminum 


1/4-20 tap 


< _— 


: 4 
8-32 tap 


2 places 


—Drill an 


=| 


for No. 


TILT SHAFT SUPPORT 
mat'l - aluminum 


d c'sink 
8 FHMS 


2 places 


(16) TENSION PLATE ASSEMBLY 


k 3.25 
+ ae 25-4 
— 
38 
® 63 | 
ce | 2896 
1.50 1 
1.94 1.13 


a 
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8-32 tap - 2 places 


(se) 


TENSION PLATE 


mat'l - aluminum 


mat'l - aluminum 


Drill and c'sink 
for No. 8 FHMS 


2 places f 25 
Tr 
=I t : 
+{.38 1.50 a 
2.25 
PP 1.1344 ns 
Ty TCH so FRE 
Lil vA il] i 
1/4-20 tap 


TENSION PLATE SPACER 


@ ‘ 


mat'l - aluminum 


1 
L a Fie ae 
Hibs ei 
[-='2:00 
—No. 17 drill 
ea as 2 places 


3154 


1.38 
GUIDE BAR 
mat'l- CRS 


63 


D.44 19 + 


Lay out the stop (Detail 23) and cut it to rough size with 
a band saw. Mount this in the mill and finish cut it to 
size. Add the two countersunk holes. 


Face both ends of the drive shaft (Detail 24) in the lathe. 
Clamp this piece in the mill vise and add two flats. 


~ 


Cut length to fit 


Face both ends of handle A (Detail 25) and add the 
tapped holes. Lay out and drill all holes on the blade 


wheel hubs 
G.25 


SPACER 


(19) mat'l- CRS 


RUBBER TIRE 


(18) 8 from inner tube 


@.625 


MOTOR SPACER 
mat'l - aluminum 


2.63 


TRACKING ADJUSTMENT 
ASSEMBLY 


1/4-20 tap 
both ends 


MOTOR SPACER 
mat'l - aluminum 


guard (Detail 26A). Assemble two 7/16" x 1-7/8" legs 

(Detail 26B) to the main angle piece with rivets. Mount 
clip nuts and tap through. Trim three pieces of stock to 
size for the guide wheel guard (Detail 27). Form two on 


Chamfer 
P.50 


both ends 
1p 
a ae 2.25 
III © 
1/4-20 thread 


1/4-20 tap 
.50 deep 


Knurl 


0A) TRACK ADJUST KNOB 


(208) TRACK ADJUST ROD 
mat'l - aluminum 


mat'l - threaded rod 


iia 


1/4-20 tap thru 


0c) TRACK ADJUST COLLAR 
mat'l- CRS 


4.50 
i— 1.00 both ends 


38 
- 4.84 | 19 flat Chamfer both ends 
Drill and c'sink for 1.28—~| .25 (24) DRIVE SHAFT 
| 10-24 FHMS - 2 places u : mat'l - drill rod 
- 3.38 ay 
50 69 42.00 1/4-20 tap 
“tb 125 $1.00 both ends 
: 
L 3.69 abr 91a 
STOP 
mat'l - aluminum 
(25) HANDLE 
mat'l - aluminum t 
+441 | 06 
21.00 me 
@.17 - 4 places = 
1.06 385 84-7] | | | 53 


1.88 


BLADE GUARD 
mat'l - aluminum angle 


Ger) 


a | Z ee 


BRACKET 
mat'l - steel 


1m 
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il ae 


@.17 typ 


BRACKET 


mat'l - aluminum 


28 ) DRIVE WHEEL GUARD ASSEMBLY 


->——— 2.19 ——_+ 


LK 84-4 a 2 AO 
/ i aH 
T TT 
. OH | bag ir 
| | 2 places “| 
Rey 31) 2.88 
2.44 | 3.83 
41.6 | | 16 
50 ie 38° 
i i LU r 


12 


®.17 - 2 places 


BRACKET 


mat'l - aluminum 


GUARD PLATE 
mat'l - aluminum 


eA 


53 i] 
ai" 
fete Ze | 
63 —=—+}-——. 1.63 —_-+] 
| he P.19 Be | Te 


@.17 
arc BRACKET 


mat'l - aluminum 


lm 


5.44 
56 
> RS) 31 
pe] 
6] | 


5 IS ® =he 


| 


q 


2 places 
2 places 7 “| 
D2.13 3814 - 
2.44] _|. 
ee 
"— 2.72 2.94 6.13 


oP ae 


GUARD PLATE 
mat'l - aluminum 


ees) 


the brake. Clamp these together, 
then lay out and add all holes. 
Rivet the two pieces to the main 
guard as shown. 


Trim some pieces for the drive 
wheel guard (Detail 28) to size. 
Form one piece on the brake. 
Clamp this piece together and lay 
out and drill the small holes. Rivet 
these together as shown. Locate the 
center of the 2-1/8" hole. Use a 
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chassis punch or hole saw to 
produce this feature. 


Trim the stock for the chain guard 
(Detail 29) to size. Form this as 
shown on the brake. Clamp them 
together, lay out and drill all holes, 
and rivet as indicated. Mount the 
stock for the drive wheel clamp 
(Detail 30) to the drive wheel 
(Detail 7). Spot through three 
holes, drill pilot holes, and clamp 
this assembly with No. 8 x | 
RHW screws. 


ASSEMBLY PROCEDURE 

Install a bearing and assemble 
bearing holder B (Detail 12) to the 
main frame using two 10-32 x 3/4" 
AHC screws. Install a bearing on 
bearing holder A. Place a 1 /2" 
diameter dowel pin through the 
bearing and the main frame, then 
into the bearing in bearing holder B. 
Clamp bearing holder A, the main 
frame, and bearing holder B 
together, then spot drill through 
bearing holder A, and drill and tap 
for 10-32 FHM screws. Degrease 
and assemble bearing holder A to 
the main frame using 1" FHM 
screws. Be sure that the shaft will - 
rotate freely. Assemble the motor 
support to the main frame using a 
1/4-20 x 1" FHM screws, a washer, 
and a nut in the right side hole. 


Mount the motor spacer (Detail 21) 
using a 1/4-20 x 1-1/2" AHC screws. 
Assemble the handle mount to the 
to the motor support using a 1/4-20 
RHM screws in the bottom right 
hole. Assemble the second motor 
spacer (Detail 22) to the motor 
support using a 1/4-20 x 3/4" RHM 
screws. Clamp the motor spacer to 
the main frame and onto the motor 
support-using a 1/4-20 x 1-1/4" 
RHM screws. 


Assemble the tracking mount to 
the main frame with two 1 /4- 

20 x 3/4" AHC screws. Place the 
guide bar in the slot of the main 
frame. Put the tilt shaft support 
through the 1/2” slot on the guide 
bar. Assemble the tension to the 
guide bar and the tilt shaft support 
with two 8-32 x 1-1/4" FHM screws. 
Place two shim washers between 
the tension bar and the guide bar to 


ensure the assembly will slide 
freely into the slot. 


Assemble blade guide A and blade 
guide B to the main frame using 
10-24 x 2" RHM screws. Assemble 
the drive wheel using the drive 
shaft, spacers, and a large sprocket. 
Mount the drive wheel clamp onto 
the shaft. Clamp a setscrew onto 
the flat. Clamp the sprocket with 
the setscrew. Spot through the 
drive wheel clamp into the drive 
wheel and clamp them with three 
No. 8 X 1" RHW screws. Mount the 
tension plate onto the shaft and 


capture it with the knob (Item AM). 


Install the tracking adjust with a 
threaded spacer on the opposite 
side of the tracking mount. 


This will be adjusted later for 
proper tracking and then clamped 
to maintain the same. Place the 
guide wheel on the shaft and 
capture it with a 1/4-20 x 1/2" 
AHC screws and washers. Adjust 
with washers or shims to reduce 
end chucking. Assemble the drive 
motor to the motor mount. Mount 
a small sprocket on the motor 
shaft and clamp them together 
with a setscrew. Thread some 
chain over the sprockets, adjust 
for proper tension and attach the 
motor mount to the two motor 
spacers using three 1/4-20 x 3/4" 
FHM screws. 


Mount the project box as shown by 
drilling two holes into the box end, 
spot them into the main frame, 
drill, tap, and mount the box. 
Assemble the handle support and 
handle A as shown with HHB, and 
then mount this assembly onto the 
main frame. Mount the handle 
clamp, the handle, and the bracket 
onto the handle mount. Assemble 
the stop onto blade guide A with 
two 10-24 x 3/4" FHM screws. Wire 
the unit as per the schematic. 


Remove the front rim from the 
guide wheel. Thread the band saw 
blade over the drive wheel, through 
the rollers of blade guides A and B 
and into the guide wheel. 


Replace the rim on the guide 
wheel. Adjust the tracking adjust 
and the knob to achieve the proper 


=| 


i 
@ 
fe) 
N° 

 @ 
wo 


Q.17 - 2 places 


208) BRACKET 


mat'l - aluminum 


0.44 
| | 1 1.00 
pal 50 | 

| 63 @.14 - 2 places 
K— 1.25 + al\pe 


31 

a | -@ 
ce oa er 

- 56 if 
(1) SWITCH BRACKET 

mat'l - aluminum angle 


rotating O 
motor o 


5.58 =| @.25 
28 L- 3 places 


for 


50 7 0417 
 Bolaves |g 


Green 


fee 2.63 =a 94 be 


200) CHAIN GUARD 
mat'l - aluminum 


@1.50 


PAT 
3 places 
$2.00 equally spaced 
t 
so] || tee! | 
1 Ltt 1 Lit 


10-32 tap 


(30) DRIVE WHEEL CLAMP 
mat'l - aluminum 


® 
Q.25 


BLADE STOP 


(made from lawn mower valve) 


So | o7 


Switch 
O 


Ground 


ELECTRICAL WIRING 


tension while maintaining good 
blade tracking with the back of the 
blade against the back and rim and 
the face of the valve stem. Note 
that the front rims are not really 
required, but I needed them to 
arrive at the initial tracking. Of 
course, they will not prevent blade 
teeth from chewing up the rim. 
Once I achieved good tracking, the 
blade never wandered. Mount the 
guide wheel guard, the drive wheel 
guard, and the chain guard as 


noted. The chain guard will have 
to be located, spotted, and tapped 
holes drilled for installation onto 
the main frame. Clamp the blade 
guard in place using two 1/4" 
thick spacers. 


So far I have used this saw only for 
inside work, but if used outside, 
I would connect it to a GFI circuit. 
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5/16-18 ta 
1/2 deep 


Horizontal Band Saw 


S everal years ago, I designed and built a power I decided to start this project was that a great 
hacksaw. An article that appeared in The Home majority of the stock and hardware were already 
Shop Machinist January/February 1993 described in my shop inventory, including the 3/4" and 1.0" 
briefly the construction of this unit. I have used aluminum I had salvaged (at no cost) from 
this saw constantly ever since and it has served me a company going out of business. 
U1 in buildi hines. . 
very well ding numerous machines The main base (Part 1) was the start of my 
Because several pieces of 8" wide steel plate came construction. This was made from an old bed 
into my possession and the hacksaw did not have frame one of my sons discarded. Since I do not 
the width capacity, I decided to make this have welding capabilities in my shop, everything 
horizontal power band saw. Among other reasons in this project was bolted together. Figure 1 
1-3/8 x 2 x1/8 wall #10-32 tap 
36 long - 2 required — 3/4 Pine 3/8 deep 
| One ei SS chia cs \ 2 places 
} 1084  1-98x2% 1/8 wall za fk 
10-1/2 long — 2 req’d—| | | 
Plannin nnencoene 4 1/2-13 tap 
3/4 deep 
I IH View in Direction of Arrow A 
1/4-20 Hex Head peace owe 
2 ref — Bolt and Nut - typ Fi / 3/4 ale 
i Or at aa “aF] 
it f i 
@>|iL 36 ref a 


1-3/8 x 2 x 1/8 wall 
24 long - 4 required me 


v 1-3/4 x 1-3/4 x 1/8 wall 
‘ 38-3/4 long - 2 required 


q 
fi 
l 
fl 
i 
ql 
f 
q 
f 
l 


x 1/8 wall 
\ 24 long 
\ 2 required 


wer x 1-3/4 


ql 
I 
ql 
I 
It 
fl 
q 
ql 
q 


2-3/4 typ 
a 


i} 
= = ia casters ae E =< 
4 required &y) 


(1) BASE ASSEMBLY 
1 required 


31 
A, 


#10-32 tap thru - 5 holes 


1/4 
thes 
iota I 


. ee slot (2) SUPPORT ARM Bea 112 
P Steel Angle 
1 required 
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ap 5/16-18 tap thru 
2 holes 
/8 


| 1/4-20 tap thru 
6 holes 


>= 


(3) IDLER MOUNTING PLATE 
Aluminum 
1 required 


5/8 


1-1/2 i 
5/16-18 tap 1/2 deep 2-3/8 
#10-32 tap 4-1/16 —————__» ace 
a | 3/8 deep claali side 


.625 dia ream 


1/4-20 tap 1/2 deep 
opposite side 
5 holes 2-9/16 


orl 3/4 DRIVE MOUNTING PLATE 1/4-20 tap 1/2 deep 
Aluminum 2 holes each end 
1 required 
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(5) COVER ASSEMBLY 
Aluminum 
1 required 


3/32 thick 


: | 
! 


9/16 dia 
1/4 dia 
2 holes 


7-718 


END COVER 
Aluminum 
1 required 


7/32 dia - 2 holes 


3/165 ‘moe 


| i 
7/8 


1-1/2 


—— 1-1/2 


: lL 21/64 dia 
3/16 


TENSIONING BRACKET 
Material - Steel Angle 
1 required 


15/16 


\ 


ll LTA RTA aa 
LOLI UND 


il NTT 


1/2-13 thread 


WEIGHT HOLDER 


Threaded Rod 
1 required 
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Clamp pieces together, 
drill and 'Pop' rivet 
4 places. 


1/4 dia 
4 places 


6-5/16 


—_t 


shows a top and side view of the pivoting arm, drive 
and idler wheels, blade tracking, tension adjuster and 
counterweight assembly. 


The drawings for Parts 3 and 4 show the finish 
machining required for the idler and drive mounts. 
The aluminum plates were already milled to the 
outside dimensions as received, so no milling had 

to be performed. This was one of the main reasons 

for building this saw. I had to make use of these 
aluminum plates because it bothered me to constantly 
see them sitting on my raw material shelf. 


Figure 1 


Cement t 
Detail #3 


Cement to 
Detail #25 


O@eD DOO 


CmX<) Ch) CE) Cee) 


Figure 3 


The Shop Wisdom of James McKnight 17 


BILL OF MATERIALS 


PART] QTY | PART NAME MATERIAL SIZE | re | QTY | PART NAME | MATERIAL ] se 7 
[1 | 2 | Base assembly _| steelangle | % x 1% x2x36 | | 59] 1 | Visejaw guide aluminum | 1x 12x P| 
ieSE [| % x 1% x 2x 10% 60 | 1 | Vise jaw guide block _| steel % Xx 1% x 1% a] 
aA | Y’wxi1%x2x24 | | ét | 1 | Vise rod threaded rod | 1-13 x 20% 
leash pale YX 1% x 1% x 38% 62 | 1_| Vise rod support steel YX 1-4 X 3x 2% 
[ eal | [Xx 13% x 1% x 24 63 | 1 | Vise rod support block | steel x 2x 2% 
iB 1 steel | %x2x 10% 64 | 1 | Power feed support angle | steel [LRXIM XI x18 _| 
ahetealh y, | %x2xX 18 65 | 2 | Power feed bracket steel [Me x 1% x 14 x 1% 
| lon (with optional power feed) 66 | 1 | Power feed rod steel Ya-13 x 14% 
i | pine [% x 7% x 14% 67 | 1 | Feed adjustment mounting | steel Yexix2x3 | 
2 1_| Support arm __| steelangle | %6 x 112 x 1% x 31 68 | 1 | Power feed half nut steel % xX 1x 2% | 
| 3 | 1 | Idler mounting plate aluminum | %4 x 7% x 9% | | 69 | 1_| Power feed motor bracket | steel Ya x 1% x 4 = 
4 | 1 | Drive mounting plate | aluminum 1x 5% x 9% 70_|_1_| Half nut knob steel | 1.0 dia. x 1% 
[5 1 | Cover assembly aluminum | %2x3x3x 66 (Abe Sal | Coupling | steel 1.0 dia. x 1% = 
ie Ke ah | %2 x 3x 3x 31 [72 | 1 | Feed motor mounting plate | aluminum Ya X 3% x 4 
L 6 | 1 | Endcover aluminum | %2x3x3x7% | | 73 [| Feed arm steel _[% x Ve X 125% =] 
7 | 1 | Tensioning bracket steel angle Hex 1% x 1%x 1% 7414 | Limit switch depress bracket | aluminum | %2 X 2 x 8% 
8 | 1 | Weight holder | threaded rod | 14-13 x 6% 75 _| 1 | Motor stop switch bracket | aluminum _| %2 x 2 x 2% 
9 | 2_| Track adjust knob |_steel [ 1.0 dia. x 2% 76 | 2 | Feed rod bushing | Oilite Ye ID, ¥@ OD, %6 long 
10 |_1 | Sawhead pivot bar aluminum | 1x 1146 x 9% | ke (% shoulder) i 
11 [4 Tension adjust knob steel Te dia. x 2% | Wale | Feed rod bushing spacer | Steel/brass __| ID, % OD, 1% long 
12 | 1 | Counterweight | steel [5 Ibs. 78 | 2 | Feed rod end bushing Oilite % ID, 2 OD, %e long 
13 | 1 | Vise support plate | steel % x 6X 9% i} (% shoulder) _| 
T , ; la 
14 |_ 2 | Vise mounting plate spacer | aluminum [1x 1x 5% 79 | 1 | Feedarm bracket steel w%x1x1% 
15 1_| Baseplate | steel % x 8 x 10 Hardware 
[16 | 1 | Pivot support [steel angle [%4x2x2x5u ivi ie =—__——. 
17 _|_2 | Pivot support spacer _|_steel |“x2x6 =a A_| 1 | Collar [ steel 10D, %ID x % | 
18 | 1 | End clamp aluminum | %x3x6 | Baa|i2! [ Bushing _| Oilite [% ID, % OD, % long 
19 | 1 | End clamp aluminum | % x 3 x 6 | |-c [4 | Bushing ‘| Oilite | % ID, § OD, 1 long 
20 | 1 | Pivot support steelangle | %4x2x2x 5% | {0 [4] Flex coupiing | to’ 
[21 | 2_| Spacer |_steel | Hex 1x 3% | aE | 1 | Worm Boston Gear | No. 1056 RH 
| 22 | 2 | Pivot bracket _| steelangle | %6 x 1x 1 x 3% F | 1 | Worm gear _| Boston Gear | No. 1950 ARH 
23 [1 | Pivotarm aluminum 58 xX 14x 6 | Gnleml Bearing Ih | %OD, “ID X Ywide | 
24 (1 {| Pivot pin steel dowel cl ‘Ae dia. x 2 _| | ail 2_| Bearing | %OD, %ID x % wide | 
25 | 1 | Idler wheel | hardwood | 6 dia. x % J_[_2 | Dowel pin lf __ [| 40D x 4 long 
26 | 1 | Idler pulley axle _| steel _[ 500 dia. x 2 o} eek Electric motor ia % or V2 hp, 1725 rpm, 
27 | 2 | Washer brass | 21b.1%0D x%e | | | cw rotation 
| 28 | 1 | Drive shaft [steel 500 dia. x 8% _| [Lt | | Hex head bolt [4-20 x 1 | 
29 |_1 | Gearbox rear plate aluminum | 1 x 3 x 51% =| M_|_* | Lock washer A 
30_| 2 | Gearbox side plate aluminum | %x 2x 5% N_{_* | Hex nut Y4-20 _| 
1_|_ Gearbox front plate aluminum wx2x 5% P_| opt. | Setscrew 10-32 x % 
1_| Gearbox cover aluminum Yeo X 3 X 8% R Flathead machine screw 8-32 x 1 ‘| 
1_| Pivot pin drill rod .500 dia. x 2% S_| 4 | Cotter pin Vie dia. x 1 
| 34 | 1 | Drive flange aluminum ive dia. x 1 T_| 12 | Socket head cap screw 10-32 x % long 
35 | 2 | Tire rubber % wide U 2_ | Hex nut -13 
36 | 1 | Drive wheel hardwood 6 dia. x % V_| 2 _| Flat washer 2 
37 | 1 | Spacer steel Ye |D, 1.00D x % W_| 4 | Hex head bolt Se-18 X 1 long 
38 | 1 | Motor mounting spacer | aluminum actual size determined X 4 | Flat washer Ae 
by motor Y 6_| Socket head cap screw Y%4-20 X 1 lon 
39 | 1 | Motor plate bracket steel Ye X 1% x 1% x 7 Z 6 | Flat washer % ; 
40 | 1 | Motor mounting plate aluminum %x4x 8B AA |_ 1 | Socket head cap screw %4-20 X_1% long 
41 1_| Support plate aluminum % Xx 4% x 15 AB | 1 | Socket head cap screw %-20 x 1% long 
42 | 4 | Gearbox bushing Oilite Ya ID, % OD, % long AC | 4 | Socket head cap screw %4-20 x % long 
(% shoulder) [apa] Saw blade 
43 1 | Saw guide mounting block | aluminum 5x 1% x 4 AE | 4 | Roundhead machine screw | ~ 6-32 x _Y long 
44 | 4 | Bearing shaft steel He dia. x 156 AF | 2 | Socket head shoulder screw He x He | 
AG_[ 1 Spurgar st (oe cong) a 
46 | 1 | Saw a “each aluminum 1x1x4 AH | 1 | Electric motor 3 rpm output, 110 VAC, 
47 |_ 1 | Saw guide mounting block | aluminum 5x 1%4x 3 ccw gear motor 
48 | 2 | Spacer steel % dia. x Ye AJ | 2 | Hex head bolt Ya-20 x % long 
49 | 1 | Vise plate mounting bar | aluminum 1x1x6 AK | 1 | Spring pin hi. | %e x 1% 
50 | 1 | Vise deck support plate | steel % Xx 24 x 7 AL | 2 | Flathead machine screw | 10-24 x _% long | 
51 | 1 | Vise rod handle aluminum 1.0 dia. x 3 _| [LAM | 1 | Socket head cap screw | _| %-20 x 1% long | 
52 | 1 | Vise jaw support angle | steel | Ye x 1% x 1% x 11% AN | 4 | Flathead machine screw Y4-20 x 5% long 
53 | 1 | Vise deck plate Steel | %e x 1% x 9% | AP | 4 | Hex head bolt 4-20 x 2% long 
54 | 2 | Vise gusset [ steel eX 2% x 3% AR | 4 | Hex head bolt [| %20x 1%long | 
55 1_| Vise deck plate steel | %e xX 9% x 3% AS |_4 | Hex head bolt | _ | %-20 x 2% long | 
[ 56 | 1 | Fixed vise jaw [ steel | MX 4x BH __| [At [7 | Flathead machine screw | 10-24 x % long 
[ 57 | 1 | Vise plate mounting bar | aluminum | % X 1%6 x 55% AU | 2 | Flathead machine screw | | V-20 x % long 
[ 58 | 1 | Movable vise jaw steel | 4 x 15%8 xX 3 x 3% * Quantity can vary, based upon type of construction — welded or bolted 


The drilling, tapping and reaming are all straightforward 
and just require laying out hole positions, center 
punching, and utilizing the drill press and tapping 
fixture. Parts 2, 7 through 11, 13 through 15, and 20 
require some milling, drilling, reaming, slotting, 
knurling and threading. The knobs (Parts 9 and 11) 
could be purchased or fabricated ones of any type with 


&) 


A AK 


60) @) 2) ()©)@) 


threaded rods pinned in place. The cover (Part 32) 
can be formed around a 2. x 3" wood block. 


Figure 3 shows the idler assembly and the simple 

method of tracking the band saw blade. Drill a cotter 
pin hole in Part 26 (idler axle) so there is no chucking 
movement of the idler wheel (Part 25), but the wheel 


41 


2.062 
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is still free to rotate. The pivot 
bracket (Part 22) and pin (Part 24) 9-7/8 1 
should also be assembled so the 3-1/2 500 dia ream 

arm (Part 23) can pivot freely but 


have no other movement except 
the pivot action. 


Be sure the pivot pin (Part 24) and 
the idler axle (Part 26) are good slip 
or press fits, as necessary. The 
wheels (Parts 25 and 36) should be 


rough cut, then mounted on lathe SAW HEAD PIVOT BAR 114-20 t 
mandrels (after the bearing is Aluminum 1/2 deen. 
pressed in place and the Part 34 1 required 4 holes 


drive flange is mounted) for 


Break sharp edges 
2-1/2 


Break sharp edges 
2-1/2 


1-1/2 dia 


Was ar Knurl 
Knurl b 


—— a 
L 1/4-20 thread 


1/4 L thread 1/2 
: | (9) TRACK ADJUST KNOB (11) TENSION ADJUST KNOB 
3/4 


Material - Steel 3/4 Material - Steel 
2 required 1 required 


XO 


5/8 dia 


3 
SIRRY 


Neseseces| 
Kessesese} 


x 


“rand 


REXRN 
[RRS 


Me 


4 
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9-3/4 
= 1/2 1/2—~| 7 a Oi 


Use 5# Bar Bell Weight 


COUNTER WEIGHT 3/8 1/4-20 tap thru 716— 
Steel 2 holes 
1 required 
VISE SUPPORT PLATE 
Material - Steel 
1 required 


a finished cut on the OD and face cuts 
as required to assure they run true in 
final assembly. 


5-5/8 


The drive assembly in Figure 2. shows 
how the Oilite bearing (Item C) is 
pressed into the wheel (Part 36). The 
drive flange (Part 34) clamps the drive 
wheel to the shaft (Part 28). 


7/16 


I cut the rubber tires (Part 35) from 
an old truck tire inner tube, stretched 17/64 dia - 2 holes 
them over wheels and cemented 


them in place. 
P (14) VISE MOUNTING PLATE SPACER 


Aluminum 
2 required 


The wheels were made from 
hardwood because I did not 
have any more 3/4" aluminum 
plate of that size available at 
the time. In the future I may | 
replace them with metal 
wheels, but in the meantime 
these parts are working out 
very well. I applied three coats 
of polyurethane to the wheels. 
Figure 4 shows the assembly 
and mounting of the main 
drive motor and gearbox. 

I have not shown much detail 
of the motor mounting since 
it depends on the particular 
motor used and its mounting 
base. The motor mount (Part 
40), its spacer (Part 38), bracket 
(Part 39) and the gearbox 
support and mount (Part 41) 
are the parts I used on my 
yyy) eo) (unit; of course, these can be 
modified or made completely 
different because of the 
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method used to drive the band 
saw blade. 


My first attempt at reducing the 
1,725 rpm motor speed for proper 

: — blade cutting was a box with several 
~| 


gears in a train. This worked out 
pretty well, but I did not have a set 
of rugged gears on hand to take the 
1/2 high torque. I decided to purchase 
the Boston worm gear and worm set 
for $34. I have been very fortunate in 
finding Rochester Steel and Surplus 
to buy all of my raw material at a 
very reasonable price. By perusing 
the area where the “drops” and used 
metal are stored, many bargains can 
be found. They have been very kind 
Protest eb to allow me to roam the area (with 
1 required hard hat) and pick out only what I 
need. It is surprising what you can 
find and then tailor your design 
around what is available utilizing 
the size already cut. Very little is 
9/32 dia - 2 holes critical on this project. 


7-1/2 
1/4-20 TAP THRU 


5 HOLES 


1-1/4 
17/64 dia - 4 holes 


500 dia ream Getting back to Figure 4, we have 
Note: two critical dimensions: the 2.062" 
Clamp detail 16 and detail 20 hewn hth 

together then drill and ream. center height must match the 


motor mounting; and the 1.333" 


A |.003 


PIVOT SUPPORT (20) PIVOT SUPPORT 
Material - Steel Angle Identical to Detail 16 
1 required except symetrically opposite 


1/4-20 thread 
tap through 
Detail 19 only 


6 
2-1/4 2-1/2 ———_+| eas oj 
tg 2 
1/4 wall 
2 


Counterbore for 
1/4 SHCS 2 holes 
This side for 
Detail 18 
Opposite side 

for Detail 19 


17/64 dia z ‘a 
—~ 1/2 4 holes 1/2 


9/32 dia - 2 holes 1 


(17) PIVOT SUPPORT SPACER END CLAMP (19) END CLAMP 
steel Aluminum Aluminum 
2 required 1 required 1 required 
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17/64 dia 
2 holes 


2 required 


gear train center distance must be 
exact for proper making of the gear 
and worm. 


The Oilite bearings are pressed into 
Parts 29, 30 and 31. Drill, ream and 
pin the gears in the assembly. Parts 


29, 30 and 31 are the gearbox plates. 


After assembly, you must face the 
bottom and bore the .625" diameter 
holes for the Oilite bearings to 
assure a good press fit and to 
maintain the 1.333" center line 
dimension as shown in Figure 4. 


17/64 dia 
2 holes 


.3125 dia ream 


aE ea i 


PIVOT BRACKET 
Steel Angle 
2 required 


.500 dia ream 


1-1/4 


PIVOT ARM 


Aluminum 
1 required 


Chamfer 
both ends 


Oo 


= ay 


PIVOT PIN 
Material - Steel Dowel Pin 


@) 


.625 dia ream 


Chamfer both ends 


8 


ie 


1 required 
.500 dia 


2 
5/16 1-7/32 


1/16 dia 


3125 dia 


(26) IDLER PULLEY AXLE 


IDLER WHEEL 
Material - Hardwood Steel 
1 required 1 required 
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— A 8-3/8 I was going to mount a 1/2" flexible 
cree coupling between the gearbox and 
drive wheel but realized the 


outboard Oilite bearing in Parts 29 
— 6 or 31 was required to take the side 
load. This made the alignment of 
the gearbox to the shaft (Part 28) 


very critical. It may have been 


better to use angle iron brackets 
(27) WASHER DRIVE SHAFT clamped to sides 30 and Part 41, 


1-1/4 dia 


1/4 x 5/8 flat 


Brass Steel 
2 required 1 required 
— m 
T r~ .625 dia ream 
Note: 
Ream hole 
.625 dia ream when gear box 
Note: is assembled. 
Ream hole T 
when gear box 4 
is assembled. 5-1/2 
5-1/2 
3.395 
1/4-20 tap 
1/2 deep 
3 places —] 
! ! 
17/64 dia 1/4 
1-1/2—»| 17/64 dia mt 1/2 a nels 
4 holes GEAR BOX SIDE PLATE 
3 Aluminum 
GEAR BOX REAR PLATE 2 required 
Aluminum 
1 required 
fo 3 Teapet 1/4 =a 
Pola 7 
3) 
2-1/2 
.625 dia ream 
Note: 
Ream hole 1/32 ref 
when gear box 
is assembled. ! 


(32) GEAR BOX-COVER 
Aluminum 
1 required 


aa 500 dia 
4/4 + -— 2 ——+ 


Chamfer both ends 


1/4-20 tap 
1/2 deep 
5 places | 


3/32 dia - 2 holes 


(31) GEAR BOX FRONT PLATE PIVOT PIN 
Aluminum Drill Rod 
1 required 1 required 
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.500 dia ream 


1-1/2 dia 


1-1/4 dia = 5 
5-1/2 to 5-7/8 |.D. | aia 
#8-32 tap thru : ' , 
3 holes equally spaced Note: Tire must fit over drive wheel 
DRIVE FLANGE and idler wheel with some stretch. abs 
; : ubber 
eg alupioum 2 required 
Frcs os 7/8 
= ~ 
#18 drill thru 1/2 dia 
Countersink for 
#8-32 FHMS 
SPACER 
3 holes equally spaced Steel 
1 required 
‘uulasienientententententedntenteatentententar 


.500 dia ream 


1-1/4 dia 


| 
| | 
| | 
| | 
| 
| Size and configuration of the 
| plate will be determined by the 
r mounting requirements | 
| of the motor. 
| | 
| | 
| 
| 
| | 


iat 


(36) DRIVE WHEEL 
Material - Hardwood 
1 required 


Thickness to be determined by the i, LL 
mounting requirements of the motor. 


(38) MOTOR MOUNTING SPACER 
Aluminum 
1 required 


leaving’extra room for adjusting and 
clamping. I managed to shim the 
gearbox so the drive shaft (Part 28) 
was in the correct alignment and 
the drive wheel rotated freely. 


17/64 dia 
4 places 


1 |}~«——— ]-3/4 


: I am sure there are many ways to 
3/16 wall do this job, but since the saw works 
fine as-is, Iam not going to “fix 
something that ain’t broke” at this 
point. Some 1/2" ID flange bearings 
(self-aligning) could also be used 
instead of the Oilite head bearings 


(39) MOTOR PLATE BRACKET 
Steel 
1 required making alignment of the drive shaft 
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ace rer 8 3/8 much easier. Light gear grease is 
1 17/64 dia - 4 holes ol i used in the gearbox. Thin gasket 
I material can also be added to all 


seams and heavy-duty gear oil 


Note: 
M cqant could be used. 


Giiandian as hessestarte Figure 5 is the assembly drawing for 


accomodate the motor or motor the idler saw guide. The saw guide 
adaptor plate of the individual builder. 


mount (Part 43) is adjusted in final 
assembly for proper positioning of 
pa the saw blade. I used ball bearings 
ee . on hand for Items G and H. These 
Nar20 tapsthie could be solid, hardened rollers. 


4 
t 
2 holes ; ‘ 
| 1 The bearing mount (Part 45) is 
5 ie he adjusted in assembly so the back 


(40) MOTOR MOUNTING PLATE 
Aluminum 
1 required 


5/8 
r 15 8 =| 3/4 dia 
‘ ; HE 500 © 
5/8 dia 


(42) GEAR BOX BUSHING 
Oilite 
4 required 


(41) SUPPORT PLATE : 


Aluminum 1-5/8 
1 required 
Fas 


#27 Drill 2 places 


5/16 dia 


5/8 (44) 
BEARING SHAFT 
Steel 
4 required 


j—-.395 


1/4-5/8 slot 


2 places .250 dia 
2 places 


(43) SAW GUIDE MOUNTING BLOCK 
Aluminum 
1 required 


26 


7 


edge of the blade rides on the 
bearing. Press fit a 1/4" dowel pin 
into the bearing mount and allow 
the bearing to rotate freely. Parts 36, 
44, 49, 50 and 73, as many other of 
the previously mentioned parts, 
require some milling, turning, 
drilling, reaming and tapping. Parts 
46 and 47, which are very similar to 
Parts 3 and 4, will involve many of 
the same steps. 


Figure 7 shows a power feed unit 

I added to this saw. Parts 64 through 
75 detail the construction. This is 
completely optional. 


A 


Figure 5 
SAW BLADE GUIDE ASSEMBLY 


Drill and countersink 
for 1/4 SHCS 
2 places 


#10-24 tap 
3/8 deep 
2 places 


(48) SAW GUIDE SPACER 
Aluminum 
1 required 


I built and mounted this unit 
only because I designed a similar 
drive for my power hacksaw, 
which has worked exceedingly 
well for many years. 


110 VAC 


I find that the gravity feed 
with additional weights 
added to the weight holder 
(Part 8), if necessary, has 
worked well where I did 
not have the same luck 
with the hacksaw. The micro 
switch (limit), mounting bracket 
(Part 75) and switch depression 


LIMIT 
SWITCH 


SAW MOTOR 


bracket (Part 74) are required Optional 2 mfd 
Micro Switch, CAPACITOR 
110V AC 
CONNECTOR 
Red 
FEED MOTOR 
3RPM CCW 
Figure 6 


WIRING DIAGRAM 


(45) SAW SUPPORT BEARING ASSEMBLY 
Aluminum 
2 required 
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3 Fasten to Detail 41 
r " -5/8 Frame piece from 
Detail 1 


#27 drill 
2 places 


5/16 
5/8 
3/16 
x1/2 
; 1/4-20 tap thru }=/3/8 slot 
.250 dia 2 places 
2 places = 5/8 
(47) SAW GUIDE MOUNTING BLOCK 
Aluminum 
1 required 
1/2 x 2 steel bar 
Attach to uprights 
3/4 dia 


of Detail 1. 


May be bolted 
| or welded. 


<a 1/8 
9/32 dia 


3-3/4 


Drill and 
counterbore 


for 1/4-20 Bracket and attaching 
#10-24 tap SHCS fasteners to accomodate 
3/8 deep 4-1/4 individual builder's motor. 
3 places 
A Figure 7 
OPTIONAL 


POWER FEED ASSEMBLY 


VISE PLATE MOUNTING BAR y ae 
Aluminum 1/4-20 tap thru 
1 required 


be 1-1/2 oe = 


ma | 
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17/64 dia - 4 holes 


VISE DECK SUPPORT PLATE 
Steel 
1 required 


|~e 3 | 
a © 
9/32 dia - 3 places 
1/2 
ails 3 11-114 
1/2-13 tap 1 dia 
1 deep 1 
R 
. 1 Drill and countersink 
Note: for #10 FHMS - 2 places 
Install Detail #61 —e- 4/4 dia rod. 
before drilling Press fit VISE JAW SUPPORT ANGLE 
into body Steel 
—t 1 required 


VISE ROD HANDLE 
Aluminum 
1 required 


res————_ 


Clamp Detail 13 upon 
Detail 1. Drill for 1/4 bolts. 


Clamp Detail 15 upon 
Detail 1. Drill for 1/4 bolts. 


S) 


aA 


| 
a) 
jae 
S$ Ni 


(7) y———_ 
KL oats res 
Figure 8 


VISE ASSEMBLY 


only if the power feed unit is built 
and mounted. 


to be spotted through into Part 1 or 
other fabrications. Parts 49 through 
63 show all of the machined parts 


peeewuse asscibly is,shown ia that go into the vise assembly. They 


Figure 8 and requires several holes 


SOCKS SOO ) DOB um) (60) Gr) 


are all straightforward machined 
parts requiring milling, drilling, 
reaming and tapping. There is 


nothing critical about any of these 
(continued on page 33) 
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9-1/2 


1-3/4 


a "2 s16—| = 


1/2 3/4 t 
Drill and countersink 1-1/2 Tt 


face r HMS VISE DECK PLATE 
Steel 


1 required 


Drill and countersink 
for #10 FHMS 
4 places 


VISE DECK PLATE 
Steel 
1 required 


#10-24 tap 
3/8 deep 


30 


4 places 


Drill and counterbore 
for 1/4 SHCS 


VISE PLATE MOUNTING BAR 
Aluminum 
1 required 


1/4 Wall 
3 
ve fer 
(68) MOVABLE VISE JAW 
Steel 
1 required 
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18 —=| — 


2 required 


5-5/8 =| 


Drill and countersink 
for 1/4 FHMS 
4 places 


(56) FIXED VISE JAW 
Steel 
1 required 


1-1/2 


9/16 eel tog 
3/16 |a—4 


VISE JAW GUIDE 
Aluminum 
1 required 


#10-24 tap 
2 places 


core VISE JAW 
(60) GUIDE BLOCK 
Steel 
a, 1 required 


Katee peng 


-—1 ‘ae 


= 
Countersink for 
#10 FHMS - 2 places 


17/64 dia - 2 holes 


20-1/2 | 
3/32 dia thru 
— TAI 
AANA HNN 
| 1/8 
1/2-13 thread 


(61) VISE ROD 


Threaded Rod 
1 required 


17/64 dia 
2 places 


1/2-13 tap thru 
Note: 
Tap with Detail 
#62 attached 

1/4-20 tap thru 


(62) vise ROD SUPPORT 2 places 
S 


teel 
2 1 required 


1/4-20 tap 


2 places 
(3/8 11/2 
(63) VISE ROD SUPPORT BLOCK —~ 
Steel 2-1 Te 
1 required Z 4 places 
i 3-3/8 
17/64 dia 
1-3/4 2-3/4 A places 1-3/8 1/2 is re 1/8 wall 
. 7/8 
‘11/2 I 
9/16 Y 71-3/4 
qT 1 1 
500 dia |. 4-3/4+ 
@) (64) POWER FEED SUPPORT ANGLE 
#5 drill Staal 
2 places 
a 1-1/8 TBE 1/4 =| 1 required 


— iii 


“ll mais i i 14-3/8 
{56 ie res 
3/16 wall ! AAS AN © 


(65) POWER FEED BRACKET 


Steel .375 dia 1/2-13 thread .375 dia 
2 Tequired POWER FEED ROD 
Steel 


1 required 


1 
. i h 
625 dia thru 1/4-20 tap 
4 9-4 8 2 places 


1/4-20 tap 


=| 1/2 deep 
2 places 


— 

file fe 17/64 dia 

4/2 Trim off 4/4 x 1/2 slot = Pls 
= 3 after tapping. 
(69) POWER FEED 
(67) FEED ADJUSTMENT MOUNTING (6s) POWER FEED HALF NUT MOTOR BRACKET 
Steel Steel Steel 
1 required 1 required 1 required 
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Break sharp edges 
1-3/8 


Knurl 1 dia 
5/8 dia 


1/4-20 thread #10-32 tap 
1/4 Le 2 places 
5/8 Chamfer both ends 
HALF NUT KNOB (71) COUPLING 
Material - Steel Steel 
1 required 1 required 
A\y— 12-5/8 agi 1/4 
(73) FEEDARM sd. - aan 
Steel 1/2 - i: - 
1 required aaa 
--| 1/2 312 dia 1/2 Ln 
2 places 
2 
| — 3/32 1 
=e 


9/32 dia 


(74) LIMIT SWITCH 


30° ! ml BRACKET 
uminum 
3/4 1 required 
5/16 F 
4/8 Las 3/4 dia 
(76) FEED ROD BUSHING j 
Oilite = 
2 required 5/8 dia 5/16 flat 
1/2 dia 


5/16 
1/8=| | 5/8 dia 


[+ 1-5/16 -} 5/8 dia {EA 
4/2 dia wh 


Me 3/8 dia 


(77)FeED ROD BUSHING SPACER (78) FEED ROD END BUSHING 
Steel or Brass Oilite 


1 required 2 required 
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3-3/4 


(72) FEED MOTOR MOUNTING PLATE 
Aluminum 
1 required 


3/32 | Noa 
7 


Limit switch 
mounting area. 
Holes determined 
by individual device. || 2-1/2 


MOTOR STOP SWITCH BRACKET 
Aluminum 
1 required 


1/8—~| 


1/4-20 tap thru 


(79) FEED ARM BRACKET 


Steel 
1 required 


: 


individual parts as long as, 

in assembly, the vise operates 
properly. This will no doubt require 
some fitting and adjusting as will 
other assemblies in this project. 


The obvious question many are 
going to ask is why go through all 
this effort to build a saw when you 
can buy a commercial one for a few 
hundred dollars. The reasons are: 


1) I take a lot of pride in being able 
to construct a machine like this 
from scratch. 


2) All my metal stock is given 
to me or purchased at a bargain 
price. I have numerous salvaged 
motors and hardware in my shop. 


3) After 12, years as an instrument 
maker, then a manufacturing 
engineer and supervisor, I missed 
the hands-on activity and have 
always been a frustrated home 
shop machinist who must always 
keep busy in my retirement. 


4) All the numerous machines 
I have built will be passed on 


to my sons and grandchildren 
who will be able to say, “look 
what Grandpa built” — need I 
say more? 


Our drafting engineer stresses 
that all commercial band saws 
have a shroud on the back. 

An unguarded saw is a dangerous 
device; please include a guard 

in your building plans. 
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Filing Machine 


his is another one of my shop machines that 
I built many years ago. Recently, I decided to ie 250 1 


modify this unit to make it more useful on Sie 
my many projects. This machine has helped in the 
production of numerous shop aids and other parts I ale | 38 | | 
have built. Of course, it is not used on a daily basis, but nee ie ‘CEL AS 
is very handy when slight stock removal is required. ieee 
This machine will accept square, round, diamond shape 
and a vast assortment of needle files. Now that it has 
been updated, the following fabrication and assembly 
procedure will show how this machine was originally 


\ QW? T 
5/16-18 tap 1.250 
4 places | 


ae Gees a) 
10-32 tap 


; j _ | 4places 
constructed including the newest changes. © 260 =[E1- 
a \\ Va ‘\ il Iie a 
858 1.75 i o @ a — 
1 | EBS > lela es 
2.25 nO ieee 
I Lag 
en BOX BASE /#8 drill 
mat'l- CRS @.38 c'bore - .18 deep 
14.00 1 req'd 4 places 
3/8 drill thru 
@1.00 c'bore 
acer ~ back side Let’s start the fabrication process with the main base 
R (Detail 1). Cut the plywood to the outside dimensions 
on a table saw. Sand all edges, drill and counterbore 
i the four holes. Lay out, bandsaw and sand the vertical 
F 13.25 a support (Detail 2) to size. Drill, ream and tap all holes 
ee Lt as noted. Square up the box base (Detail 3) in the 
i at a milling machine, lay out, drill, tap and counterbore 
(1) MAIN BASE 
mat'l - plywood 
1 req'd 
dich 
t 38 
R.375 
45° 
1 i @.500 ream 
O Press fit for dowel. 
—3/8-16 tap 
© a ieee 2 
O26 2.81 
—#8 drill 
4 places 
& eb 
1 | 68 
| 
38 + 1.25 
= 2.00 = 
VERTICAL SUPPORT 
mat'l - CRS 
2 req'd 
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}— .38 ead 
= [ES 
375 7 T4188 
.188 
all [1.00 =) #48 aril i 
a 7 TT @.31 c'bore - 18 deep 
‘a i ih far side - 3 places 
k@) ©) i 1 etl! equally spaced 2.438 pes 
& ; Press fit 
$ 1.625 b.c. fp baadie 
1.750 ; 
‘ 1.188 
ae f 1.250 | 
1G : Hl) 1.250 ! as 
! ih 10-32 tap 
4 places 


19--| 1.250 —- #8 drill 
@.38 c'bore - .22 deep 


4 places ie lL 1.750 = =}— .375 
BEARING HOLDER 
mat'l - CRS 
2 req'd 


BOX UPPER PLATE 
mat'l - CRS 
1 req'd 


as required. Mill the box upper plate (Detail 4) to size, 
lay out, drill, tap, counterbore and set up in the mill 

to finish bore the 1.250" diameter hole. Square up the 
bearing holder (Detail 5), add the tapped holes and bore 
the 1.125" diameter hole in the mill for a close press fit 
of the bearing. Clamp both pieces together while boring 
the 1.125" diameter holes to assure proper alignment. 
Mount the raw stock for the piston sleeve (Detail 6) 

in the lathe chuck, face the end, center-drill, drill and 
finish bore the 1.250" diameter hole. Turn the 1-3/4" 
diameter x 1-3/4" long area. Reverse the piece in 

your chuck, indicate, turn and face the end to length. 
Mount this piece in an index head on the mill, and then 
indicate, drill and tap three 8-32 holes. 


Mount the piston (Detail 7) in the lathe chuck and 
turn to 1.250" diameter for a close slip fit in the piston 


21.250 


@.500 - .50 deep 


3 places 
equally spaced 


21.625 b.c. | - 
@.313 ream .255 fed L 
PISTON SLEEVE @) PISTON 
mat'l - CRS mat'l - bearing bronze 
1 req'd 1 req'd 
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@.500 


(8) CONNECTING ROD 
mat - CRS 
1 req'd 
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2.375 


P.3125 
Press fit 
for dowel 


| 33 We a 
a rt 1/4-20 tap 
4 ¢100 + 
CRANK DISK 
mat'l - CRS 
1 req'd 


10-32 tap - 2 places 
r 3.00 clita 
sm i 
zit ee eee 
l 


+ 9.00 ——__+! _ #.500 


R1.50 
R2.00 ref 


.38 slot 


1.25 —> 
2.50 


(10) ROCKER PLATE 
mat'l- CRS 
2 req'd 


then drill and ream the .500" 
diameter hole. Reverse the 
work in the chuck, indicate 
and face the part to length. K— .25 
Clamp the piece in a mill vise | eG 
between two V-blocks. Mill the 
.255" x 7/8" deep slot. Clamp 3.625 
the part in a V-block on the 
drill press, then drill and ream 450 
the .313" diameter wrist pin 
hole and tap the 10-32 hole. Be 

sure the .313" hole is exactly es 
perpendicular to the slot. Lay 

out the connecting rod (Detail Lid 

8), drill and ream the two ! ee 
holes. Mill the 1/2" width to 

size, then bandsaw, file and (11) SPACER 
sand Detail 8 to its outside 2 req'd 


‘te 
sleeve (Detail 6). Face the end, lb | 
44 
T 


+ 12.00 - 8.75 
- 6.00 - + 181 Me 
— Pe! 50 1.00 aa 
i {= 
7 k 2.00 c'b =e a 

Drill and c'sin .00 c'bore 

for #10 FHCS pied 0.375 0.27 
4 ry £01.88 =| 1.81 ref ieee : 

25 -+/- TT 
10.12 ae v ae 
ie 1/4-20 t 25 
3.000 (| 250 425-+| ap 
TT | | ) 7 UPPER ARM 
4.500 4.250 aM ae 
10-32 tap 
5.06 1.81 — 2 places 5.19 
Beet a 
| Crea 00 
Ata 1 56 
ae 


aluminum 
angle 
bracket 


TABLE TOP 


mat'l - aluminum 


1 req'd 


Chamfer both ends 


2.375 ream = 


FOOT 


CHAIN GUARD 
1 req'd 


D.375 


mat'l - aluminum 
1 req'd 


FOOT SUPPORT 


mat'l - drill rod 


1 req'd 


R2.13 
or to suit 
your motor 
2.13 
| | 
| | 
; 1.50 typ 
7.25 
MOTOR CLAMP 
mat'l - steel 
1 req'd 


shape. In the lathe chuck, turn the 1.0" diameter by 
1/2" length on the crank disk (Detail 9) and face the 
end. Mount the piece in a lathe collet and face the 

part to length. Mount the part in an index head on the 
mill and add the .375" diameter crankshaft hole and 
the .3125" diameter crankpin hole. Lay out the rocker 
plate (Detail 10) and rough band saw to its outer shape. 
Finish contour the part to size on a belt sander. Mill to 
the 2-3/8" length called for on the print. Drill and ream 
the .500" diameter hole and add the 10-32 tapped holes. 
Lay out the 3/8" x 2-1/2" slot and remove most of the 
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Figure 1 
MAIN ASSEMBLY 
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BILL OF MATERIALS 
NO. | NAME MATERIAL SIZE [ ary. | 
1 | Main Base Plywood ¥" x 13Y4" x 14" 1 
2 | Vertical Support | CRS 34" x 2" x 698" D 
3 | Box Base CRS 3" x 21" x 4" 1 
4 | Box Upper Plate | CRS 34" x 21h" x 4" 1 
5 | Bearing Holder | CRS 3" x 276" x 24" 2 
6 | Piston Sleeve CRS 2" dia. x 2" 1 
7 | Piston Bearing Bronze | 134" dia. x 154" l 
8 | Connecting Rod | CRS V4" x Ya" x BY" 1 
9 | Crank Disk CRS 2" dia. x 72" 1 
10 | Rocker Plate CRS 34" x DA" x 4" 2 
11 | Spacer Aluminum Yo" x 1" x 4lA" 2 
12 | Table Top Aluminum Y4" x 104" x 12" 1 
13 | Upper Arm Aluminum "x 1" x 8%" l 
14 | Foot Aluminum Y4"x "x2" 1 
15 | Foot Support Drill Rod 34" dia x 244" 1 
16 | Chain Guard Pine 34" x 114" x 18" 1 
Plywood 3/16" x 436" x 8" 1 
Alum. Angle | 4%"x1"x1%"x1’"| 2 
17 | Motor Clamp Metal Strap Yio" x 34" x 14" 1 
18 | Drive Shaft Drill Rod WY" dia. x 4" l 
19 | Riser Aluminum 1A x2! 1 
20 | Arm Support Aluminum Yo" x 1" x 3A" 1 
21 | Table Insert Aluminum 2" dia. x 4" AR 
22, | File Holder 1 Aluminum 1" dia. x 144" 1 
23 | File Holder 2 Aluminum ¥%" dia. x 1" l 
24 | Base Spacer Plywood Ya" x 2" x 4" 1 
| 25 | File Holder 3 Aluminum WY" x2" x 4" l 
BILL OF HARDWARE 
NO. | TYPE SIZE QTY. 
A | Socket Head Cap Screw | 8-32 x 14" 3 
B 10-32 x 14" 8 
C 10-32 x 98" 2 
D 10-31 x 34" 10 
E 4-20 x Ya" 2 
F 3-16 x 1" 2 
G | Socket Head Setscrew 10-32 x %" 3 
H Y4-2.0 x 3" 3 
J | Hex Head Bolt 6-18 x 1A" 4 
K | Flat Head Machine Screw} 10-32 x 14 4 
L | Ball Bearing Y" ID x 1-1/8" OD x 34" 2 
M | Sprocket 1A" OD x 4" ID x %" pitch | 1 
N 2%" OD x 4"ID x %" pitch | 1 
P | Chain 3" pitch x 12" long w/Master Link 1 
R | Oilite Sleeve Bearing 6" ID x 4" OD x 4" 1 
S | Dowel PIn Y" dia x 1" 2 
T. SA6" dia. x 1" 2 
U | Knob 1A" dia. with 4-20 x 34" stud] 2 
| V | Flat Head Wood Screw | No. 10x 1A" 4 
W | Round Head Wood Screw] No. 10 x 4" 6 
X | Socket Head Setscrew Y4-20 x Ao" 1 
| Y | Flat Washer 3," AR 
Z | Flat washer No. 10 AR 
AB | Flat Washer Ae" AR 
| AC | Flat Washer Yq" AR 
AD | Motor Universal Electric, Model No. CESHO1 K 
110 VAC, 4.5 A, 1100 RPM 1 
Oct. Box and SW 1 
Electric Cord w/Plug 6-feet 1 
Plastic Box 2"x 4" x 6" | 1 | 


material on a drill press. Clamp the part to the rotary 
table on the milling machine and carefully mill out the 
slot. Square up the spacers (Detail 11) and add the 7/32" 
holes. 


Machine or sand the table top (Detail 12) to its outside 
dimensions. Lay out and add all holes except the center 
counterbore. Clamp the piece to the drill press table 
with a plywood backing board. Using a 1-3/4" diameter 
hole saw, add the center hole. Clamp this piece on the 
mill table, supporting it with parallels. Locate and bore 
the hole to 1-7/8" diameter through and add the 2" 
counterbore. Mill the upper arm (Detail 13) and the 
foot (Detail 14) to size and add all holes. Face the foot 
support (Detail 15) to length in the lathe. Using a table 
saw, cut all pieces to size for the chain guard (Detail 
16). Cut the openings on front and back on the band- 
saw. Glue and nail together as shown. Make a bracket 
from 1/8" aluminum sheet stock, add holes and mount 
to the end with a small wood screw. 


Form the motor clamp (Detail 17) from metal strapping. 
Turn the drive shaft (Detail 18) on the lathe and add 
flats using the mill. Square up the riser (Detail 19), drill 
and tap the holes. Machine the arm support (Detail 20) 
on the mill and drill the four holes. Lay out a number 
of blanks for the table insert (Detail 21) on a sheet of 
1/8" aluminum. Add a center hole and rough trim to 
the 2" diameter. Clamp the work on a lathe threaded 
arbor and turn to finished size for a slip fit in table 

top counterbored center hole. Open or slot the hole to 
the required size for the file being used. The two file 
holders (Details 22 and 23) are turned and drilled on the 
lathe, then tapped holes are added using a V-block on 
the drill press. Cut the base spacer (Detail 24) to size on 
the table saw, then drill the four holes. 


When all the fabricated parts are finished, you can start 
the assembly phase. Press the two ball bearings into 
the bearing holder (Detail 5). Press the Oilite sleeve 
bearing into the .500" diameter hole in the connecting 
rod (Detail 8). Press the 5/16" x 1.0" dowel pin into 
Detail 9 and the two 1/2" x 1.0" dowel pins into the 
vertical supports (Detail 2). Assemble the piston sleeve 
(Detail 6) to the box upper plate (Detail 4) with three 
8-32 x 1/2" SHCS. Assemble the vertical support and 
the box upper plate (Details 2 and 4), but do not tighten 
the screws. Assemble the connecting rod (Detail 8) to 
the piston (Detail 7) with a 5/16" x 1.0" dowel pin. 
Assemble file holder 1 (Detail 22) to the piston (Detail 
7) and clamp with a 10-32 SHSS. Assemble the crank 
disk (Detail 9) to the drive shaft (Detail 18) and clamp 
with a 1/4-20 SHSS. Assemble the connecting rod 
(Detail 8) to the crank disk (Detail 9) by placing the 
bearing over the dowel pin. Assemble Details 3 and 5 
through 9 to Details 2 and 4 (apply light oil to Detail 

9 before assembly) with 10-32 SHCS and clamp. Be 
sure the crank disk (Detail 9) rotates freely and drives 
the piston (Detail 7) up and down in the piston sleeve 
(Detail 6) with no binding. Assemble the two rocker 
plates (Detail 10) to the vertical support (Detail 2) on a 
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@ 


rm .75 +4 a 


K-— 1.500 —+ 


Chamfer both ends 


1/4-20 tap 
3 places 


25 
= 1 

75 L @.500 
(18) DRIVE SHAFT RISER 

~mat'l - drill rod mat'l - aluminum 


1 req'd 1 req'd 


40 The Shop Wisdom of James McKnight 


1/2" dowel and clamp with 3/8-16 
x 1.0" SHCS and washers. Mount 
this sub-assembly onto the main 
base (Detail 1). Place the base 
spacer (Detail 24) in place and 
clamp with 5/16-18 x 1-1/2" HHB 
and washers. Install the sprockets 
on the motor shaft and the drive 
shaft (Detail 18). Cut the chain to 
length, install the master link and 
mount over the sprockets. Mount 
the motor with No. 10 x 3/4" 
wood screws and a piece of 


{ 
[TH rye teh ° 
50 | | Bh be “ 
i | es Fe Ea | ee WE L 
3.50 cal 
2.25 —~|.500/- 
38 —=-—=— 1.250 4 f 25 
i 
38 | ky 
TY] oF 250 
1.00 a. 
| 7 reget 2 
.500 


#8 drill Loge drill 
2 places 2 places 


(20) ARM SUPPORT 
mat'l - aluminum 
1 req'd 


3/8" x 4" x 8" plywood under 

the motor body. Adjust the chain 
tension before final clamping. Wire 
the motor, cord, plug and switch 
using an octagon box and a plastic 
box for motor capacitor. Install the 
chain guard (Detail 16). Assemble 
Details 13-15, 19, 20 and the knobs 
to the table top (Detail 12). Mount 
the two spacers (Detail 11) and the 
sub-assembly of Detail 12 to the 
rocker plates (Detail 10) using four 
10-32, x 1-1/4" FHMS. 


Have fun using your 
new filing machine! 


2.135 thru ales Q.75 


yy 


mat'l - aluminum 
1 req'd 


lan 


eS es 
125 62.000 
Drill to suit 
file size. 
Make slot if 
using a tilting 
table. 
TABLE INSERT 
mat'l - aluminum 
qty as req'd 
a 
| iLL} .50 
| i 
K-— 2.50 —+ 
D.34 
Tt 4 places 
-| 2.50 
4.00 1 
©) ©) 
AAs) 
38 1.75 


(24) BASE SPACER 
mat'l - plywood 
1 req'd 


2 


fl bs 


FILE HOLDER 
mat'l - aluminum 
1 req'd 


mat'l - aluminum 
1 req'd 
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his 36" brake has served me 
| well in the fabrication of 
numerous brackets, 
machine guards and other metal 
parts needing to be formed to 
various shapes. Standard size steel 
material was utilized in most cases, 
reducing the need for extensive 
milling. The only critical area is the 
pivot point, which should be 
aligned as precisely as possible. 

I happened to have some 1-1/8" 
diameter aluminum, so that was 
used for Item 6 (clamp knob), but 
1.0" will do just as well. The 
stiffener plate, Item 11, was also 
made from an odd piece of steel in 
my collection — 3-14" wide — and 
again, 3" stock could be used. 
Fabricate Items 1 through 15 
according to the drawings; assemble 
and align per the instructions, being 
careful to maintain the proper 
position of the pivot point. 

Items 10 (main clamp) and 14 
(box maker clamp) are simply 
aligned, then wood screws are used 
to fasten them to Item 2 (main 
support). Item 5 (stiffener) should be 
clamped to Item 12 (pivot plate) so 
the five mounting holes can be 
drilled as an assembly for good 
alignment. Item 6, the clamp knob, 
could be made as one piece, but I 
found it easier to drill and pin the 
commercial 5/16-18 hex head bolt 
in place. The handles (Item 3) 
should have all edges rounded to 
prevent any sharp edges or burrs. 


The 36" brake, operating side. 
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Spacer 

Main support 
Handle 

Pivot arm 
Stiffener 
Clamp knob 


Top plate 

Bottom plate 

Table 

Main clamp 

Stiffener plate 

Pivot plate 

Center spacer 

Box maker clamp 

Box maker fixture 
aluminum 

Carriage bolt, nut and washer 
Allen head cap screw 
Allen head cap screw 
Dowel pin 

Flathead machine screw 
Flathead machine screw 
Hex head bolt 


Nut 

Flathead machine screw 
Fender washer 
Compression spring 

Hex head bolt 

Washers 

Vise grip hold-down clamp 


BRAKE, 36-Inch - BILL OF MATERIALS 


MATERIAL 
wood 
wood 
steel 

steel 

steel 
aluminum 
steel 

steel 
spring pin 
steel 

steel 
wood 
steel 

steel 

steel 
wood 
steel 

steel 


The rear side of the brake. 


SIZE (INCHES) 
wx bux 5” 
1% x 5% x 48 
Vie ale Oe x 112 
%wx1.0x 4 
Y% x 1.0 xX 36 
1% dia. x 1% 
Y% dia. x 5 
Vo6-18 x 5 HHB 
% dia. x 1.0 
3% xX 4 X 36 

Y x 8% x 37 
4x 8 Xx 48 
Nox lx 5” 
6 X 3% X 36 
Wx 8% x 36 
yx 5Y x 5% 
Nox 1lA’rx 3 
VON Xe Dh xen) 
1.0 dia. x 3/4 
38-16 X 4 
%-20 < 1.0 
Y-20 x % 

34 dia. x 1.0 
10-32 x % 
%-20 xX % 
Y%-20 x 2% 

Y% -13 

myx % 

Ao 


Y4-20 x 2 


58 OD X “6 ID x 3 


FRONT VIEW 


A close-up of the right-hand clamp 
knob. The handle of the brake is in the 
down position. 


ltem 7 removed 


pivot point 


The brake, handle up, is ready to 
REAR VIEW, PARTIAL accept sheet metal for bending. 


ale (14) BOX MAKER CLAMP 


(2 pl) Paaacaee a | 


11/32 (2 pl) 


: 51/2 
33/4 1 } 
13/9234 
of = 58 
5/8 51/8 24 
(2 pl) (os f 
al 35 ==—61/2 


sens veer 48 
(2) MAIN SUPPORT 


r 35/8 = 
—— OH 2 


S/16- 1B! 54 sa aE 43 


v2 19 12 ay 


17/64" drill 
i 2 pl) 
7-3/8) ream (2p 4 
1/2 

oe (3) HANDLE 

1/2 1/2 
V4 3/8" ream 
Ls / 


11/8" dia: 


NAAN 
MUU, 


4 a 5/16-18 x 5" 
Bae i HHB 
Ye 1/8" spring pin 
@ PIVOT ARM 1/4 x 5" rod 
(6) CLAMP KNOB 
Vise grips, mounted alongside the brake, provide a fixture for id 5/16" dia. 
making boxes. im all sale (2 pl) 


31/4 
drill and c'sink il 
1/4" FHS (5 pl) 
1.0 


2 


10-32 tap 
and c'sink 
(4 pl) 


i \ sya ‘1/4220 
37 (2 pl) (4 pl) 
BOTTOM PLATE 
3/8" dia. 3/8" dia 
(2 pi) 
f 
23/4 | 
512 7 
2 | 
(9) TABLE Bae 512-—+ 
(1) SPACER 
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/-1/4-20 tap 
/ (5 pl) spot from ltem 5 


SOS 
- 36 2 SS a0. 
(12) PIVOT PLATE (4 pl) 


101/4 


3/4" long 
(15) BOX MAKER 


FIXTURE 


\ a 
14) REAR VIEW 
~~ CENTER 


By removing Item 7 (top plate), 
mounting Item 15 (box maker 
fixture}, and utilizing various size 
plate material, boxes, trays and 
other odd-shaped parts can be made. 
I mounted the complete assembly 
on a2 x 4" frame that has base 
casters, but any method of 
mounting will do. Make sure 
clearance is ample for handles 
in the down position. 


The box maker fixture in action. 


The brake mounted on the frame. Note the casters. 


Easy Lathe 
Collet Adapter 


have an old 9" South Bend lathe with a 1/2" collet 
I capacity. After considering building an adapter, 

I had another idea. Kitts Industrial Tools has a 
vertical 5C collet vise so I ordered one, but I received 
a horizontal/vertical type instead (I assume they were 
out of the plain vertical type). 


I removed the angle plate, machined a counterbore 

in a piece of 5/8 x 3 x 4" aluminum, added three 
clearance holes with counterbores, pressed the collet 
adapter in place and clamped it down with three socket 
head cap screws. 


Lightly clamping the assembly to my lathe faceplate, 

I then indicated a dowel pin in the collet to run true, 
clamped the two mounting screws, removed the 
faceplate and dowelled the assembly in place (Photo 1). 


The adapter repeats to within .001” concentricity each 
time I remove and assemble the faceplate to the lathe 

spindle (Photo 2). I ordered several common 5C collets 
from Kitts at a very reasonable price. The unit works 1 
well for all my needs. 
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Belt Sander 


I built two of these simple belt sanders, 


BILL OF MATERIALS 


—— 
NAME MATERIAL SIZE QTY. 


one for each of two sons who are in the 
woodworking business. The framework PART 
was fabricated from angle iron fastened with | No. 


14-20 hex head bolts. Aluminum and steel 1 | Base plywood | %4x 12x24" 1 
plate were used as indicated for the face- ; 1 i 

plate and table. I don’t show dimensions : | Riser zany glee : at 2 Ss ei = 
for bolt locations because they are not - 3__| Support angle iron | % x3 5 x 9¥2 — a 
critical and can be placed in any 4 | Crown roller aluminum] 2" dia. x 414" 2 
convenient location. = or steel 

The crown rollers can be aluminum or steel ea Vertical support| angle iron) 4x1lAxK1Ax2I1" 5) | 
and are tapered at 1° or 2° to maintain belt 6 | Table aluminum] % x 6 x 10" 1 
tracking. The diameters shown work very 7 | Faceplate steel 316 X 894X114" 1 
well on this unit. The rollers can be made ; ; 

from solid 2" diameter material or tubing =u Flex coupling | p urchase =| 12° 1D : | 
with plugs and trunnions pinned at each 9 | Bearing block aluminum] % x 1% x 4" D 
end. Tension and tracking are adjusted using 10 | Collar w/setscrew steel Y" ID x 1.0" OD x 4" 1 
the two 14-20 wing nuts. Jog the motor at 1 ies A ; i 

first for rough tracking, then adjust for final Topapate aluminum) x UA x 1A oo 
centering of the belt. é 12 | Guide angle iron| ’4x1%x1"4~x 4" 2, 
The motor is 12 hp at 1,725 rpm and 13 | Riser, rear steel wx4x 14" 1 
mounted in any convenient way to meet Roller mount aluminum] 14x 14x 2" 2 
the 4-1/8" center distance — or change this V4" dia. x 21" 2 
dimension to suit your specific motor and i 


mount. Part 10 and the three hex head bolts aes ae aerate 
noted are removed to change sanding belts. Matox 3 hp X 1,725 rpm, 1 
Two screws located in the rear view will CCW rotation 

also have to be removed. 


Flexible coupling VY" 1 
Sanding belt 4 x 36" 


Wing nut 


34" ID x 144" long 


SpHng 2,.05" dia. wire 2 
oie esi i Dx OD 14 el 2 
260 x 1.0" 2 
Spring pin YX 1.0" 4 
Carriage bolts Ao-18 x 1" 3 
1 

1 


Electrical box w/switch 
Assorted 14-20 hex head bolts, washers and nuts 
Assorted 516-18 hex head bolts, washers and nuts zs 
Assorted No. 10 roundhead machine screws 
Assorted 8-32 roundhead machine screws 


cB 
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as 

4B) 
a 

2; 
3 
Q 
a 


8-32 
RH 
screw 


(8) 


4x 36" 
sanding 
belt 


5/16-18 
carriage bolt aly 


AG FRONT VIEW 2) 
Ome 1/4-20 — ise pin 3/32" dia 14) Drawings are not to scale 
%. tap \ \N 


1 han os aX 
7/64 |} - 
Pea paw 


> a, x v 

oO) 050"dio, 3/8" ID x 1/2" OD 

TOP spring (2) flanged oilite 
bearing (2) 


17/64 "—~__ 
drill thru 
9 and 3 


Vi/2 


a 23/8 1, 


= 1)" ID sex 
GQ) oilite bearing (2) 
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ree 1578 
1/8" dia. 
spring pins 


(4 pl) AY 


—— 41/2 (typ.) 


Ave 1/4-20 for ~, ae oe 


<a ee - 
a ab 


IDLER 21/2 = 
2 required 


flat (typ.) 
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Homebuilt Surtace Gage 


his is a fairly simple 
but interesting 
project. I realize that 


surface gages are not very 
expensive anymore, but there 
is always some satisfaction in 
making your own tools. It is 
useful in layout or inspection 
work on a surface plate. 


Start the fabrication process 
with the base (Detail 1). 
Square up the stock to the 
outside dimensions in the 
milling machine. Coat the top 
surface with layout fluid and 
mark the center of the 1/4" 
radius area. Mount the piece 
on a drill press and drill a 1/2" 
diameter hole at this point. 
Cut out the pie-shaped area 
on a band saw. Mount the 
piece in the mill vise and 
finish-machine the angle area. 
Drill the 3/16" diameter hole 
and ream the .250" diameter 
hole. Use a 3/8" ball end mill 
and add the grooves on both 


.25 x 1.38 groove 


.75  .06 deep 


a fF Hf R.25 
2.50 coe = 38 
ES ina 
@.25 
12 deep ne 
2 places be ean 255 R.188 
a7 P 3 places 
OMe S| 4 2Snome 
1.00 ce ee aes 7 
=] 50 63 | “] 38 
aris ay 
@.188 thru 69 1.13 
@.250 ream . ae a 
1.25 deep Cry BASE 
mat'l- CRS 
1 req'd 
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edges. Using a band saw, 
remove the bulk of the stock 
at the 3/8" x 1-1/8" area on 
the bottom of the part. Finish 
machine this area on the mill 
and use a 3/8" ball end mill 
to blend in the bottom of the 
relief area. Mill the 1/4" x 
1-3/8" groove for name 
stamping. Use a 1/4" wide 
mill cutter or an end mill to 
machine the .255" 5/8" slot, 
using plenty of cutting fluid. 
Drill two 1/4" diameter 

x 1/8" deep holes at the 
bottom of the slot. 


Coat the adjusting support 
(Detail 2) flat stock with 
layout fluid and lay out it’s 
shape. Drill and ream the 
.500" diameter hole and 
countersink to size. Drill and 
ream the .250" diameter hole. 
Cut to the rough outside 
shape called for on the 
drawing using a band saw. 
Finish file or sand to the 


d.500 
@.688 c'sink 
.12 deep s tes 
1.06 } 
ty 1.75 
25 i) .25 | 
06 — 18 Sears 1.50 —- 
25 12 
2 places 


ADJUSTING SUPPORT 
mat'l - CRS 
1 req'd 


Knurl to suit 


aan 56 3 
31> 8-32 tap 
®.750 ry] 8-32 thread 
ae | Rae | 1.25 

6.5 34 .88 = @.50 

t 50 
er ® 
.50 Knurl @.31 - .25 deep fo) 
to suit 
CLAMP 
oat 08 Aner eese" 
1 req'd mat'l- CRS 1 req'd 
1 req'd 

part’s finished size. Mill two —o 
1/4"x 1/4" slots, then drill and 
tap the 8-32 hole. 
Mount the stock for the clamp 
(Detail 3) in a lathe collet, then : > 
face, drill, counterbore and turn 
all angles. Part with a cut-off 9.00 
tool, or band saw the part to | 
length, and mount it on a r 9.31 
3/16" mandrel and face the ue 
piece to length. ft 


Mount the knob (Detail 4) stock 
in a lathe collet. Face and turn 
the 1/2" diameter by 1/4" deep 
stub. Drill for the 8-32 tapped 
hole and counterbore. Knurl the 
outside diameter with a scissor- 
type knurling tool. Use a band 
saw to rough out the length of 
the part. Mount the piece in a 


ROD 
mat'l - drill rod 
1 req'd 


D.50 Peas 
2.06 

.22 .94 -=) HOLDER 

19 _ ee i See mat'l - CRS 

me 2 a —— 1 req'd 

© ee 
nae 

8-32 thread’ 0.187 P.343 0.31 


.31 thru 


1/2" collet and face the end. 


(8) ROD CLAMP 6.50 Add the 8-32 tapped hole. 
mat! CRS Turn to the finished diameter 
req' 


and run an 8-32 die on the 


qr eee adjusting screw (Detail 5) for a 
length of 1.0". Knurl the head 
age RIMES: ag per the above procedure. 
= Cut off, mount the piece in a 
——— lathe collet, and face the head. 


(40) SanisER On the rod (Detail 6), face the 
mat'l - drill rod ends and chamfer the piece in 
1 req'd your lathe. Drill and tap the 
6-32, hole. Mount the holder 
(Detail 7) in a 3/4" lathe collet. Drill the 1/2" diameter 
INDICATOR SUPPORT hole, face one end, and add the 45° chamfer on the 
ee a opposite end. Drill the 5/16" diameter hole. Mount a 
piece of 1/2" diameter stock for the rod clamp (Detail 8) 


L 4.00 | 
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Figure 1 
Assembly 


BILL OF MATERIALS 
NO. | NAME MATERIAL SIZE QTY. 
] Cold-rolled Steel 10" & 21/2 xeon 1 
2 | Adjusting Support | Cold-rolled Steel 174" x Tyas 1 
3 Cold-rolled Steel 3/4" dia. x 1" 1 
4 | Knob Cold-rolled Steel 7/8" dia. x 1" ] 
5 | Adjusting Screw Brass 1/2" dieseoeale 1 
6 | Rod Drill Rod 5/16" dia. x 9" 1 
7 | Holder Cold-rolled Steel 3/4" dia. x 1" ] 
8 | Rod Clamp Cold-rolled Steel 1/2" dia. x 2-1/16" 1 
9 | Indicator Support Aluminum I / 2am 8/48 ><A" 1 
| 10 | Scriber Drill Rod 1/8" dia. x 8" teat 
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in the lathe. Turn all three diameters and run an 
8-32, die on the end. Face the other end and add the 
5/16" diameter hole. 


Machine or sand the ends of the indicator support 
(Detail 9). Lay out and add all the drilled and tapped 
holes. Form the points on the scriber (Detail 10) and 
bend them to shape. Harden and draw the tips, then 
stone and polish the ends to a sharp point. 


Assemble all the parts per Figure 1. Mount a dial 
indicator on the end of the indicator support (Detail 9) 
using the 1/4-20 socket head cap screw. 


I hope you enjoy your new surface gage! 


BILL OF HARDWARE 
NO. | TYPE SIZE ary. 


A | Dowel Pin 1/4" dia. x 1" 1 
B | Compression Spring 1/4" OD x 11/16" long x .030" vs 
C | Compression Spring 9/32" OD x 5/8" long x .035" 1 
1 
1 
1 
1 


D | Knurled Adjusting Knob 8-32 x 1" stud 
E 


[pT eee ec 
Knurled Adjusting Knob 8-32 x 1/2" stud 


F | Round Head Machine Screw 6-32 x 3/8" 
G_ | Washer No. 6 
H | Socket Head Cap Screw 
(Indicator Clamp) 1/420 x 1/2" 1 
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apprentice Instrument Maker for Eastman Kodak 

Company. As part of my training, I was allowed to 
make various shop tools that would be useful to me 
and other model shop personnel. A number of these 
items have been shown in The Home Shop Machinist 
and Machinist’s Workshop over the past many years. 
For this, I certainly appreciate the interest shown in my 
projects by the editorial staff. This is another tool that 
has served me well in the precision grinding field 
(Photos 1 and 2). It can also be used for fine milling 
machine operations. The unique part of this fixture, 
to me, is the fact that when you clamp something 
between the jaws it is forced down tight to the base top 
by the action of the spring loaded angled jaw. I do not 
recall if the idea was something seen in a trade 
magazine or if I came up with the idea myself. 
Again, it was quite a few years ago. 


I built this grinding fixture while working as an 


Start the machining phase with the base (Detail 1). 
Square up the block in a milling machine to the outside 
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- 6.56 - |-— 1.875 ——-| 
| 75 |-—1.75 —+] ~ 50 
typ typ typ a0 eat Stay bon 
rr 
| a Geezer 
2.00)  ( ) ( ) ae 1188] | || a ato vs 
{ | ie cys 250 yy | oe w4 
Talal | ! a | oe 
iif Nee A—— }+—-1 .528 
(66 el slot 70° SECTION A-A 
+ + 25 | +1 50 typ 2.3125 ream : ; | 938 
|}_¥——»l_ 875 60° dovetail 
Aisi ail 
5666048666660 aT as 
©-@-©-0-0-6-6-6- 6-66-66 
Ae ee ee Se ME oy od 2.20 ii 
1.000 125 deep 312 
(3) SLIDING Jaw 


(1) BASE . 
| oss TT] ase 
drill and ream 500 chy tt i 
0.125 x .250 deep rh HW 


| 1.00 - 
: 125 
drill and c'bore 
for 1/4-20 SHCS ae 813 
SECTION A-A $20 aes 
.125 deep 
313—— Ze. dovetail | 
/ 125 Ea @ | 1.156 
oe: ey © ete 4 578 AS 
x 
ee ion “{ tee tap 1/4-20 thru 
-— 1.50 —+ 
A A eT 4 (4) FIXED JAW CLAMP 
1,000 - | 750 - } ice 0 
70° 25+, 4. tap 3/8-16 thru 
-431--  -.25 
(2) FIXED JAW meee fe 
! 
rye [ j Ty 
0 | TEEEL 4 ast 
tL |@- ile eee she 56 | 
ti ane “clear comers 1 : 

dimensions. Clamp the block securely in the mill vise obo peerenren aimeaelaes| 
and indicate it true to the X- and Z-axes. Next, cut a 313 | - 0.3125 ream 
3/4" wide by 7/8" deep slot on center, for the full length Seas ae 
of the base. Take light cuts, use plenty of cutting fluid, 
and take it slow and easy. Now, use a Woodruff Keyseat (8) MOVEABLE JAW bole A hole B 
cutter to finish machine the 1/2" x 1-3/16" (total sa ation _ 
width) grooves on each side. Again, take light cuts, use au aa iF 250 
lots of oil, and slowly complete to the finished 
dimensions. Remove and de-grease the piece, then ae } 
re-mount it in your vise. Finish machine the slot to the @ s195;cark | 313 
.8125" dimension shown on the drawing, being sure to typ 
center the opening. The bottom of the slot is for k-—1.50—-+|_-.25 
clearance, and can be left at the 3/4" width if you wish. ah : 
Layout and drill a number of holes in the bottom to hs al f 
remove most of the stock for the two 1/2" x 2-1/4" ; RS ae \ 
slots. Finish the machining of the slots in the mill. Ie = 
Machine a 1/32" x 1/4" x 1-1/2" groove in the end Bacau. 
for an ID slot. Stamp your name in this groove with : 
1/16" letter stamps, if you desire. (6) MOVEABLE JAW CLAMP 
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Clamp the base in a mill vise, indicate the part true to 
the “X” table travel and make sure that the sides are 
parallel to the mill table. Locate and center drill for the 
thirteen, 5/16" diameter reamed holes. They must be 
exactly in line with, and centered on the 1/2" grooves. 
Mount this part on the drill press, being sure that the 
table is exactly perpendicular to the drill axis. Drill and 
ream the thirteen holes all the way through both sides. 


Square up the fixed jaw (Detail 2) in the mill vise to the 
finished dimensions. Machine the front face angle and 
the 13/16" wide area on the bottom of the jaw. Add 
some relief slots to the inside corners with a slitting 
saw. Drill and counterbore the 1/4-20 screw clearance 
hole. Set up the jaw in your mill vise with the angled 
face up and indicate the face parallel to the tabletop. 
Make sure that your vise is properly trammed so that 
the sides of the fixed jaw are parallel to the “X” travel. 
Mill an .878" wide slot, .125" deep on the face to rough 
out the dovetail area, using cutting fluid. Next, use a 
60° dovetail cutter and cut the dovetails on each side 
of the slot. Use light cuts with plenty of cutting fluid. 
Machine the 1/8" x 1/16" deep slot. Now mount the 
part in the drill vise and drill and ream the 1/8"@ x 
1/4" deep hole at the end of the slot. 


Square up the sliding jaw (Detail 3) in your mill and 
machine the angle to the finished dimensions. Use a 
60° dovetail cutter and machine the dovetails. Details 2 
and 3 have to mate very closely with no play or 


-+— 1.75 —-| 


— @.3125 ream 


250 iy = 563 
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clear corners 
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tap 3/8-16 thru 
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chucking, so use Detail 2 as a gauge while machining 
the dovetails in the sliding jaw. Take very light cuts as 
you approach the final fit and “creep up” on it. Now 
you can layout the block and add the hole for the dowel 
pin and the 13/64" diameter hole for the spring. 


Square up the fixed jaw clamp (Detail 4) in the mill. 
Layout and add the hole, the 13/64"@ counterbore for 
the spring, and tap the hole for a 1/4-20 thread. 


Now we can start on the moveable jaw by squaring 

it to size in the mill (Detail 5). Layout the shape of 

the jaw and rough cut it to size on a band saw. 

Next, mount the work in the mill vise and machine all 
of the outside surfaces. Drill and ream the 5/16" 
diameter hole and add the 3/8-16 tapped hole. 


Machine the moveable jaw clamp (Detail 6) to the 
finished outside dimensions and add the 5/8" x 11/16" 
slot. Now drill and ream hole “B”, but do not add hole 
“A” at this time. 


Square up the V-jaw (Detail 7) in the mill. Layout and 
band saw the part to its rough shape. Mount the piece 
back in the mill and machine all surfaces to size, 
including the relief slots on the inside corners. Add the 
3/8-16 tapped hole and the 5/16" diameter reamed hole. 


Mount the stock for the locating pin (Detail 8) in the 
lathe. Face off each end and form the 3/32" x 3/4" 
diameter dome. Sand the part smooth and machine the 


BILL OF PURCHASED PARTS 


Detail Qty Name Description 

A 2 Socket head setscrew 3/8-16 x 3/4" 

B 1 Socket head cap screw 1/4-20 x 1" 

C 1 Dowel pin 1/8"@ x 1/4" 

D 1 Dowel pin 5/6"@ x 1" 

B | Spring 3/16" x 9/16" x .020" wire 
F 1 Dowel pin 5/6"® x 2-1/2" 


1/2" diameter by 1/16" step. Drill and ream the 5/16" 
diameter hole for a press fit on the dowel pin. Mount 
this on a 5/16" diameter mandrel and knurl the outside 
diameter using a scissor-type knurling tool to reduce 
side pressure. Now press a 5/16"@ x 2-1/2" dowel pin 
in place. You now have the assortment of parts shown 
in Photo 3 and are ready for assembly. 


Install Detail 6 into Detail 1 and spot through one of 
the holes to locate hole “A” in Detail 6. Drill and ream 
for a nice, free, slip fit of Detail 8 as you move Detail 6 
along the track. Press a 1/8"0 x 1/4" dowel into Detail 
3, leaving it protruding only .050". Assemble Detail 3 to 
Detail 2. Install a spring into Detail 4 and assemble this 
part to Detail 2 and 3, using the 1/4-20 x 1.0" SHCS. 
Slide this assembly into Detail 1, with the jaw facing 
the clamp face of Detail 5. Details 5 and 6 are 
interchangeable, use the V-jaw for round stock work. A 
3/8-16 x 3/4" SHSS was used in the moveable jaw and 
the V-jaw to pivot and clamp the work to be ground or 
machined. The ends of the assembled vise can be seen 
in Photos 4 and 5. 


While making this tool, I had access to a surface 
grinder, so I finished all the outside surfaces of Details 
1,2, 3, 5 and 7. This is not really necessary if you 
machine very carefully. You can lightly sand and polish 
these surfaces for looks, being sure to maintain all 
square and parallel areas. The main requirement is to 
hold the face of the fixed jaw exactly perpendicular to 
the top and side surfaces of the base. The top surface of 
the fixed jaw should be exactly parallel to the bottom 
surface, and the sides of the jaw perpendicular to the 
base. The sides of the jaw should also be parallel to 
each other. After the rough machining of the base, 

and before the final finish milling, it would probably 
be a good idea to stress relieve this part. 


I hope you find this vise to be a useful addition 
to your shop. 


BILL OF MATERIAL 


Detail Qty Name Description 

1 | Base 1-7/6" x 2"  6-5/16" CRS 
2 | Fixed jaw 1" x 1” x 1-7/8" CRS 

3 1 Sliding Jaw 5/8" x 3/4" x 1-7/8" CRS 

4 ] Fixed Jaw Clamp 1/2" x 1" < 1-5/32" CRS 

5 1 Moveable Jaw 13/16"  1-5/16" x 1-1/2” CRS 
6 1 Moveable Jaw Clamp 1/2" x 14/8" x 14/2" CRS 

if 1 V-jaw 13/4" x 1-3/4" x 1-3/4" CRS 
8 1 Locating Pin z 10 x 5/8” CRS 
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The Shan Wisdam af lames Mc Knicht 


Circular Saw Sharpener 


his project turned out to be very worthwhile and is a good addition to my shop tools. 
I wanted to make it as simple as possible, utilizing standard stock sizes, material and 
components on hand. 
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Start fabrication with the main 
base (Item 1). Square up, make the 
cutout, bevel the edges and finish 
sand all over. Do not add any holes 
at this time. 


Cut the riser (Item 2) and motor 
support (Item 3) to size on a table 
saw. Glue the riser parts (three 
pieces) together. Drill all holes and 
counterbore as indicated. Lay out 
the front tilt bracket (Item 4). Drill 
and ream all holes. Drill a series of 
holes for slot and mill or file to size. 


Square up the tilt arm (Item 6} in 
the milling machine and drill the 
5/16" diameter hole only. The 
bearing bracket (Item 7) is made 
from three parts. Square up all 
items in the mill. Drill and 
counterbore four clearance holes 
and the two 17/64" diameter holes, 
clamp the end pieces in place, 
spot through, drill and then tap 
the base piece. 


Remove the clamps. Lay out for 
1.0" diameter holes on each end 
piece. Clamp securely in the drill 
press vise and drill a 3/4" diameter 
hole through. Repeat for the other 
side piece. Assemble with four 
8-32, x 1/2" Allen head cap screws 
(AHCS). Set up the assembly in the 
mill vise. Indicate a 3/4" diameter 
hole on center and bore a 1.0" 
diameter hole through both pieces 
in line. Bore a 1.125" diameter 
counterbore for a good slip fit of the 
bearing. Reverse the part, indicate 
a 1.0" diameter hole on center 

and repeat the process. 


Mount the drive shaft (Item 10) in 
the 34" lathe collet. Center drill 
one end. Extend 3-5/8" from the 
collet face using a live center. 
Turn the shaft to .500" diameter 
(a slip fit in the bearing.) 


Reverse the workpiece and mount 
it in a 1" collet. Turn the 3/8" and 
.3125" diameters and cut the 3/8-24 
thread with a die. 


The vacuum mount (Item 11) is 
made up of three pieces of pine. 
Cut to the correct size on the table 
saw, bevel all edges and sand all 
over. Cut a 1-1A" diameter hole 
through two pieces using a hole 
saw in the drill press. Align, glue 
and screw the 3-1/2" square pieces 
to the main part. Glue the 5/8" 
wide piece to the opposite side. 


I had an X-axis compound that was 
made for another project many 
years ago (not utilized), so it was 
used on this job. The fabrication of 
the slide compound and the base 
compound (Items 13 and 14) 
required extensive milling machine 
time. Square up the ends of the 
slide compound (Item 13) and then 
mill out a .250" deep x 1-5/16" 
wide slot. Using a 60° dovetail 
cutter, take light cuts and finish 
machine both sides according to the 
drawing, being careful to blend in 
to the bottom surface of the slot. 
Use plenty of cutting oil during 
this milling operation. 


Drill and tap the 8-32 and 10-32 
holes. Mill the ends of the 

3/8 X 1.0 2-1/2" end plate. Add two 
No. 10 clearance holes, the counter- 
bores and the .250" reamed hole. 
Clamp in place and spot through, 
then drill and tap for the 10-32 
AHCS. Assemble the end plate 
using two 10-32 x 1/2" AHCS. Mill 
both ends of the base compound 
(Item 14) and machine the .250" 
deep x 7/16" wide groove on both 
sides. Using a 60° dovetail cutter, 
finish-machine both sides. Drill and 
tap the 5/16-18 hole, but do not add 
the 14-20 or 9/32" diameter hole at 
this point. 


Make the gib (Item 21) as shown. 
Assemble the slide compound, base 
compound and gib (Items 13, 14 
and 21). Spot through the slide 
compound into the gib to show the 
position only. Remove the gib and 
mill three 5/32" diameter x 1/64" 
deep flat spots. Reassemble and 
clamp with three 8-32 x 1/4" 
setscrews. Adjust to allow a good 
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sliding movement of the slide 
compound and base compound from 
end to end. Mount and clamp the 
assembly vertically on a large angle 
plate in the drill press. Spot through 
(14" diameter hole) the end plate of 
the slide compound into the base 
compound. Remove the base 
compound, drill, tap and add a 9/32" 
clearance hole. Square up the Y 
table (Item 15) baseplate in the mill. 


No. 10x 1/2" 
round head 
wood screws (2 pl) 
11/4 
\ 31/72 —~  / 
vwe\,. typ. .|/ 8A 
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1/4 
I 
| 
SPACER 
13/32" dia. CRS 
*optional 


10-32 41/4" spherical 
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(22) INDEX HOLDER (23) INDEX PIN (24) STOP BRACKET 
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Lay out, drill and countersink the 
four 17/64" diameter holes. Disk- 
sand the angle iron ends, and clamp 
them into place. Drill and tap the 
mounting holes and assemble both 
side pieces with four 6-32 x 1/2" 
roundhead machine screws 
(RHMS). Epoxy (thin coat) the two 
pieces of the feeler gage into place. 


The lead screw (Item 18) should be 
made in two parts. Cut a 14-20 
thread on a piece of .250 x 6" piece of 
drill rod as shown. Then pin a .250" 
ID x 3/16" long sleeve in place as 
shown. If you don't want to do the 
center section turning (cosmetic) on 
the handle (Item 19), just leave it at 
1/2" diameter for the full length. 
Drill and tap the 10-32 and .250" dia- 
meter holes. Add a spherical radius 
at both ends. Cut a 10-32 thread at 
one end of the 14" diameter x 1-1/2" 
piece and radius the other end. 
Assemble to the main arm. 


The Shop Wisdom of James McKnight 65 


For the index pin (Item 23), I used 

a ball from an old faucet unit that 
had a 14" diameter hole and simply 
ground the 14" tool bit as shown, 
then pressed it in place; but of 
course a wood ball can be used. 


I know that in several of my past 
articles, the fabrication of some 

of the fairly simple parts have not 
been dwelled upon. I am going to 
say the same thing about Items 5, 
8,9, 12, 16, 17, 20, 22 and 24 
through 28. If a person can machine 
all the rest of the required parts, 
then these items should cause no 
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BILL OF MATERIALS 


Main base 


Circular Saw Sharpener 


MATERIAL 


SIZE (INCHES) 
Ya x 144 x 16 
1x 3AxA4 
x 3x4 


plywood 


3 Motor support pine 1x 32x 8 
4 Tilt bracket, front | angle iron | “Bx 2x 2 x 4% 
5 Tilt bracket, rear | angle iron | %x 2x 2x 4% 
6 Tilt arm aluminum V4 xX 3516 xX AVA 
7 Bearing bracket | CRS ’wxi’ax2 
x 1x 1% 
8 Motor extension | CRS Ys dia. x 12 
Motor bracket | angle iron | ’%x 2x 2x 4% 
Decal Drive shaft CRS ¥4 dia. x 5 
11 Vacuum mount pine yx 6 x 6% 
pine Ya x 342 x 3 


¥x 22x 6 


] 
2 
] 
] 
] 
] 
] 
2 
] 
] 
2 
] 
] 
] 
] 
] 
] 
14 Base compound 
. 1 | 


12 Wheel guard aluminum Ye x 3% x 8 
13 Slide compound | CRS Wax 22 x 6/6 
CRS ¥x 1x 2% 
CRS Ya x 212 x 3 
15 Y table base aluminum V4ax7x 7 
2 angle iron | xX Ax Wx 7 
2 feeler gage | .010 x 12 x 7 
16 1 | Spacer aluminum Vex 5 25 
17 1 | Y table slide aluminum Vax 7x 7V4 
18 1 Lead screw drill rod 3% dia. x 7 
19 1 Handle CRS Ya dia. x 2% 
1 CRS V4 dia. x 12 
20 1 | Spacer CRS 1.0 dia. x 


23 Index pin 


26 ] Diamond dresser 
27 ] Stop 
28 1 | Tilt clamp 

] 


] 
24 1 | Stop bracket aluminum x 14x 12 
25 1 Locator button brass % dia. x 6 


2 CR [Ve x 6 
22 Index holder Phenolic 


Vea Xcel 
1.0 ball 
Wx Wax 21 


wood 
tool bit 


CRS %x wx 2A 
CRS Nex ¥x 


aluminum 58 dia. x 4 


29 1 | Wheel support 


Yo xX 342 x 31% 
ex 3% x 3% 


aluminum 
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problems. I'm sure someone will 


BILL OF MATERIALS continued chastise me for this approach, but I 
Hardware will take that whipping if it arises. 
DESCRIPTION ; The mee S oe wi 
; pretty straightforward. The fina 
Drive Motor TISV AC, 1,600 rpm, | assembly drawing and the photos 
Dayton, Model 2C841 show all the part locations. 
Flexible coupling Vis" to ¥" dia. | While installing the riser, motor 
Bearings, shielded Yo" ID x 1%" OD x ¥%" w 2 support, the front and rear tilt 
=]: ; brackets and the index holder 
" Vo" RYAL 
Giinging Wheel A" dia. x Ya" w x ¥%" ID 1 iTtems 25 and 22\*aneeine tants: 
Plastic Box w/cover 1x 2 x 3" ] simply put in place, spot through 
Electric cord w/plug No. 16 x 12 ft. 1 and assemble with appropriate 
Oct electrical box w/SW ] hardware. Place the Loge fee t 
| diameter spacers with 5/8" diameter 
Knob 10-32 x 94" stud | center hole between the saw blade 
Knob | 10-32 x 2" stud ] and the Y table slide (Item 17) to 
Collar w/setscrew | Ya" ID, 1.0" OD, 3/8" w ST Pic al) Ses the POE OE LoCRay Nene 
is really critical, so locations will 
Hex head bolt “4-20 x 31a" 2 change according to components 
V4-20 x 1.0" 4 used. The stop bracket (Item 24) 
420 x 2" si] > op) an the 2" stud knob control the 
— Y-axis movement. 
1Y%-20 x 14" 4 
Fiel® x2" Other 10-32 holes can be added 
Kpaieiaa to the Y table slide so the index 
%-16 x 2" 2 pin can be located properly for 
Flathead machine screw Y4-20 x 1/2" 4 saw tooth alignment. Tapped hole 
N IDA 1 “A” on the Y table slide is used to 
zl o clamp the diamond dresser (Item 
Dowel pin ¥% dia. x 1" 2 26) to dress the straight side of the 
V4 dia. X 1" 1 ee ce or a guide on can 
e mounted there at an angle 
Roundhead wood screw No. 8 x 1% 4 to dress the opposite side. 
No. 10 x 1%" 2 The grinding wheel is only 4" in 
Sa No. 6 x 4" } diameter so only 14" is exposed. 
Flathead wood screw No. 10 x 1%" 2 As with any grinding operation, 
Roundhead machine screw | 10-32 x 5" ] a face shield should always 
be worn. 
T-nuts w/holes 38-16 x a" 2 
Rubber feet Ya" high 4 
Allen head cap screws 8-32 x Va" 4 
a Ea 
Allen head setscrews 8-32 x Va" 4 
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outer Machine 


ne of my sons attended a cabinet-making class 
at the Rochester Institute of Technology. He 
told me about a router machine they used 
in the shop area. The machine was very versatile, easy 
to use and always in demand. Mike asked if there was 
any chance that I could make something similar in a 
smaller scale. What you see here is the result of his 
request. I had several pieces of aluminum tooling plate 
1/4 dia and steel angle iron on hand so it appeared to me that I 
4 places could construct a machine to do some of the same 
operations as the unit in his class. 


15-3/8 
13-1/8 


1/4-20 tap 3 places 
spot from Detail 4 


3/8 typ~ 


I started by making the base (Detail 1 shown in 
Figure 1) from a piece of 3/4" x 24" x 24" 
c'bore for finish-sanded plywood. Holes are added, as 
ve required, to mount the bottom plate (Detail 2), 
= the support mount (Detail 3), the DPDT switch 
project box and the electrical box. Figures 1 
through 8 show the general assembly of all the 
fabricated and purchased parts. 


10-32 tap 
5/16 deep 


@) Electrical 


(x) outlet and 
switch 


2-3/4 (1) Base 


3/4 x 24 x 24 plywood 


(3) SUPPORT MOUNT Figure 1 
TOP VIEW 
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6-7/8 ref 


Figure 2 
PARTIAL FRONT VIEW 


The router assembly viewed from the front. 


I would like to say at this point, linear roller bearings 
would naturally be the ideal choice for the moving 

X- and Y-tables. Since I did not have any in stock, 

I thought Oilite sleeve bearings might do a satisfactory 
job... if I had the patience to perform a good alignment 
procedure. The sleeve bearings have worked very well 
with no binding or shaking of the moving tables. 


Figure 3 
FRAME FRONT VIEW 


Figure 4 
FRAME RIGHT SIDE 


The bottom plate was received milled to the outside 
dimensions as shown. These could, of course, vary and 
are not at all critical. The rod supports (Detail 2A) 
should be reamed and then set up on a mandrel so a 
finish cut can be taken on the bottom mounting surface 
to assure the .750" dimension is held exactly the same 
on all eight parts. The 6.000" center distance of the rod 
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7/64 @ 
5 places 


8-3/4 
(4) VERTICAL MOUNT 


supports is very critical in conjunction with 
assembly to the X-table. The eyebolt is the 
mounting point for the tension spring. Details 3, 4 
and 5 are straightforward fabrications. The radius 
cutout in the support mount (Detail 3) is to clear 
the router body in the extreme lower position. 


The X-table (Detail 6) was also received finish- 
machined to the outside dimensions as shown. 

The alignment of the eight mounting blocks is very 
critical during the assembly procedure with the 
bottom plate and the Y-table (Detail 7). The stop 
bracket (Detail 21) is assembled to the X-table by 
spotting through the mounting holes, drilling and 
tapping as required. The rod supports (Details 2A 
and 9) are assembled using socket head cap screws 
and 1/4-20 hex head screws with washers. 
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(6) SUPPORT - LEFT 
shown 


SUPPORT - RIGHT 


opposite 


x 1/4-20 tap 
2 places 


Drill and c'bore 
for No. 10 SHCS 
4 places 


4 places 


X-AXIS TABLE ASSEMBLY 


414-20 tap The Y-table (Detail 7) was another 

4 places "i pee piece of aluminum tooling plate I 
received finished to the dimensions 

shown. Again, the mounting of the 


1-3/4 


Drill and blocks (Detail 9) is critical for smooth 
3-1/4 saree travel of the Y-axis table. The stop 


mount (Detail 20) and the stop bracket 
(Detail 22) are spotted to Detail 7, 


oe sie then drilled and tapped as required 
1/4 deep for mounting. 


The two guide rods, Detail 8 and 
Detail 18, are precision lengths of drill 
rod simply faced to length with flats 
added for 8-32, setscrews. The eight rod 
supports (Detail 9) are similar to the 
other rod supports and should also be 
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A view from the left side. 


Figure 5 
LEFT SIDE VIEW 
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Figure 6 
DRIVE ASSEMBLY 


The author’s router viewed from the rear. 


Figure 7 
REAR VIEW 
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aluminum 
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No. 8 drill and c'bore 


Router mounting holes for No. 10 SHCS 
3 places equally spaced 5 places 
ROUTER MOUNT 
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Assembly of the router components has begun out on the driveway. 
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reamed, mounted on a mandrel and a facing cut taken 
off the bottom mounting surface to assure holding the 
.750" dimension exactly the same on all eight parts. 
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Details 10 through 22 are simple fabrications that 
should cause no problem to make. The motor mounting 
hole location will be dictated by the particular motor 
used. The router mounting holes will need to be spotted 
from the router chosen. 


Fi 8 
seers The bushings (Detail 23 shown in Figure 8) are made 


from three pieces of 1/2" diameter stock. Set them up in 
your lathe collet. Drill and tap through with a 1/4-20 tap. 
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Degrease and mount in place on the drive gear (Detail 
29) by using epoxy. After curing for the proper time, set 
up in the lathe, turn the outside diameter to .437" and 
slip-fit in the Oilite bearings (Detail 25). Details 24, 28, 
31 thru 33, 35, 37, 42, 43 and 45 thru 51, are all fairly 
easy fabrications and should cause you no problems 

to produce. 


Assemble the unit as follows. Press the eight Oilite 
sleeve bearings (Purchased Item 39) into the rod support 
(Detail 9). Assemble the angle support mount (Detail 
14) to the support mount (Detail 3). Spot through the 
support mount into the base. Counterbore the bottom 
of the base for 1/4-20 hex head bolts and washers. 
Mount the support mount to the base. Assemble the 

X- and Y-tables utilizing Details 2, 2A, 4, 6 thru 9, 18 
and 20 thru 22). Mount Details 20 thru 22 and 45 by 
spotting, drilling and tapping the holes as shown. 
Install the eyebolts (four required). Install the rod 
supports (Details 2A and 9) but do not tighten the hold- 
down bolts. Assemble the guide rods (Details 8 and 18) 
by sliding through the rod support (Detail 2A) and 
Detail 9 and into the opposite (Detail 2A) rod support 


17164 © 
3 places 


1-1/2 


fel TL 
et 


——ae be 1-112 be 
SUPPORT MOUNT 


angle iron 


lai Lt ti2 1/4 


17/64 dia - 3 places 


(is) SUPPORT ARM -RIGHT (58) SUPPORT ARM - LEFT 
shown opposite 


a ee 


3/8 au 


oth 
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Assembly is nearly complete. 


block. Slide the X-table to the full left position 
and then to the right stop. Tighten the eight 
hold-down bolts gradually so the X-table moves 
smoothly without binding. Repeat the above 
process with the Y-table (Detail 7). Install the 
springs (Purchased Item 44). . 


Assemble the bottom plate (Detail 2 with 

X- and Y-tables) to Detail 1. Spot the four 
mounting holes, counterbore the bottom of the 
base and clamp the bottom plate using four 
1/4-20 hex head bolts, washers and nuts. 
Assemble the left and right supports (Detail 5 
and Detail 19) to the vertical mount (Detail 4). 
Install the support arms (Details 15 and 15A), 
motor support (Detail 17) and support rod 
(Detail 50). Add the motor mount (Detail 10), 
Z-drive mount (Detail 13) and knurled knob 
(Purchased Item 34). Mount the Z-drive arm 
(Detail 33) to the router mount (Detail 12). 


Assemble the front guide — Z axis (Detail 11), 
router mount (Detail 12) and spacer (Detail 16). 


(o>) 


Spot from 
Detail 15 
2 places 


2 


(17) MOTOR SUPPORT 
CRS 


10-3/8 —, 

9/16 5/16 typ 
a | 
os - 


1/16 x 45° 
both ends 


No. 8 drill 
2 places 


1/4-20 tap 


CRS 


3/16 dia - 2 places eal 


(21) STOP BRACKET 
angle iron 


17/64 dia 


No. 8 drill - 2 places 


SUPPORT BRACKET 
angle iron 


10-32 tap 
1/4-20 tap-2 places 2 Places 
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17/64 dia 
35 places 


1/8 x 1-1/2 x 1-1/2 


VERTICAL MOUNTING PLATE 
aluminum 


oe a ee 


—=— 
ws oth 


3/8 


17/64 dia 
4 places 


SUPPORT ARM 


CRS 


.050 dia wire i OD 


#8 drill 
2 places 


STOP BRACKET -— X AXIS X-AXIS HANDLE 


3/16 angle iron 
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TREE TTT TTT 
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1/2 


gu coou 


1/4-20 


ea 
ca 
Es 
ES 
Es 
ES 
E: 

c: 


STOP ROD - X AXIS 


threaded rod 


1/4-20 
3 i 
3/8 
re 
<-> 
7 


(52) WOOD BALL 


Y-AXIS HANDLE 


1/4-20 


ma i 
3/8 


ra 


1/2 dia. 


Press fit 


(53) WOOD BALL 


Add shim as required to assure 
the router mount moves up and 
down with no binding or shake. 


The Z-axis drive motor that I 
use is a 108 rpm, 110v AC unit. 
I had it on hand so the two gears 
(Items 29 and 30) were required 
to reduce the speed to 49 rpm. 
This Z-axis motor drive system 
is simply to move the router to 
the proper vertical position 
without having to crank it up 
and down. Once in position, the 
motor mount can be swiveled to 
disengage the gear train and 
then the crank on the Z-drive 
rod (Detail 28) can be used in 
the actual cutting operation. 


The Z-drive rod is threaded 
through the Z-drive mount and 
the spacer and washer. Jam nuts 
(Purchased Item 2,7) are used to 
prevent chucking of the drive 
assembly. The Oilite flanged 
bearing (Purchased Item 25) A wood workpiece is clamped in place on the X-table. 
sleeve length is reduced to 1/8" 

so both flanged bearings can be 

pressed into the Z-drive mount 


as shown. Install the low stop nee see 

rod (Detail 35) with a stop nut. (NY : Ld ay bie E 7 
This will be adjusted in assem- LY i i = 

bly to activate the lower limit re LL 414-20 [gece eso eee a 


switch (Purchased Item 41). 1/2 deep 
STOP NUT beth ends SUPPORT ROD 


Mount the upper limit switch 
(Purchased Item 36} onto the 
limit switch bracket (Detail 37). 
Mount the lower limit switch 
(Purchased Item 41) onto 
the limit switch bracket 
(Detail 51). The upper 
limit switch will be 
adjusted in assembly and 
uses the top of the router | 
mount as an activator to 
stop upward travel. 
Assemble the Y-handle 
and stop nut (Detail 47 
and 49) to the wood balls 
and then screw them 
into the X- and Y-tables 
so they can be used as 
push handles to move 
the X- and Y-tables. 
Place the X-stop rod 
(Detail 46) through the 
stop bracket (Detail 45), 
thread on one stop nut 


(continued on page 80) ; a a 


The Shop Wisdom of James McKnight 77 


The router cutting tool extends through the router mount. 


BILL OF MATERIALS 


No [ ae 
] ] 3/4" x 24" x 24" 

2 1 Bottom plate tool plate, aluminum 3/8" x 11-3/4" x 15-3/8" 
2A 8 Rod support aluminum "x1" x 1-1/4" 

3 Support mount CRS 3/8" x 3" x 9-3/4" 

4 Vertical mount angle iron 1/8" x 1-1/2" x 1-1/2" x 8-3/4" 


5 Support — left angle iron 1/4" x 1-1/4" x 1-1/4" x 21" 
6 
i 


] 
] 
] 
] X-table tool plate, aluminum 1/2" x 7-7/8" x 9-7/8" 
1 Y-table tool plate, aluminum 1/2" x 7-7/8" X 9-7/8" 
8 2 Guide rod drill rod 1/2" dia x 15-1/4" 
9 8 Rod support aluminum "x 1" x 1-1/4" 
10 ] Motor mount aluminum 1/4" x 3" x 9-5/16" 
11 2 Front guide — Z axis CRS 1/4" x 1-1/4" x 19-1/2" 
2 ] Router mount aluminum 1/4" x 7-1/4" x 8-1/8" 
13 ] Z-drive mount angle iron 1/4" x 2"x 2"x 2" 
F 14 2 __| Support mount - angle | angle iron 1/8" x 1-1/2" x 1-1/2" x 3" 
15 ] Support arm, right angle iron 1/4" x 1" x 1" x 23" 
| 15A 1 Support arm, left angle iron 1/4" x 1" x 1" x 23" 
16 2 Spacer CRS 1/4" x 1/2" x 19-172" 
Lal? 2 Motor support aluminum 1/4" x 5"x 6" ag 
18 2 Guide rod drill rod 1/2" dia x 10-3/8" 
19 |_| Support, right ___|__ angle iron 1/4" x 1-1/4" x 1-1/4" x 21" 
] Stop mount CRS 2" * 1 X1-1/2" 
] Stop bracket ; angle iron 1/8" 1"x 1" x 1-3/4" 
22 1 Support bracket angle iron 1/8" x 1-1/2" x 1-1/2" x 1-1/4" 
23 3 Bushing CRS 1/2" dia x 3/4" 
24 ] Spacer CRS 5/8" dia x 5/8" 
26 ] Washer brass 1/4" ID x 3/4" OD x 1/16" 
28 1 Z-drive rod threaded rod 
31 ] Handle - arm CRS 3/8" x 3/4" x 6" 
32 ] Handle - knob CRS 1/2" dia x 1-1/4" 
33 1 Z-drive, arm CRS 3/4" x 3/4" x 6" 
threaded rod 1/4-20 x 8" 
37 1/A" x 2" x 3" 
A2 1 Vertical plate aluminum 1/2" x 6" x 10-1/2" 
1 Plate support angle iron 1/8" x 1-1/2" x 1-1/2" x 6" 
] Plate support angle iron 1/8" x 1-1/2" x 1-1/2" x 1-1/4" 
43 2 Arm, support CRS 1/4" x 5/8" x 12" 
A6é 1 Stop rod — X axis threaded rod 1/4-20 x 8-1/2" 
47 ] Handle - Y axis aluminum 1/2" dia x 7" 
48 ] Handle — X axis aluminum 1/2" dia x 8" 
49 CRS 1/4" x 1-1/2" dia. 


5! ] Limit switch bracket aluminum 1/16" x 1" x 8" 
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BILL OF MATERIALS — Purchased Items 


No. | QTY. | NAME SIZE VENDOR a3 
25 2 Oilite flanged bearing 7/16" ID x 5/8" OD x 1/8" long (see text) 
27 2 Jam nuts 1/4-20 
29 1 Drive gear 1-7/8" OD, 28 T 
30 1 Driven gear 3-3/8" OD, 7/16" ID, 62 T 
34 1 Knurled knob 1.0" dia w/stud, 10-24 x 1/2" thread 
36 1 Limit switch, upper No. 49-528 Radio Shack 
38 8 Setscrew 8-32 x 1/4" =a 
39 8 Oilite sleeve bearing 1/2" ID x 5/8" OD x 1.0" long 
| 40 4 Eyebolt 10-24 
Al 1 Limit switch — lower No. 49-528 Radio Shack 
AA 2 Tension spring 1/2" OD x 4" long, .050" wire, 2" legs 
52 1 Wood ball 1-1/2" dia 
53 1 Wood ball 2" dia 
1 Drive motor, 110v AC with 1.6 Mfd cap 108 rpm Bodine G13702134 No. 10-1135 Surplus Center 
] Router, 1-1/2 HP 
] Electrical box w/cover, outlet and switch wire No. 16 As required 
1 Project box 20 x3! 5" Radio Shack 
1 Project box 1-3/4" x 2-1/8" x 2-3/4" Radio Shack 
1 DPDT Switch Radio Shack 
4 Eyebolts 10-24 x 1-1/2" | 
Misc. bolts, nuts, washers No. 8, 10 and 1/4 As required 


A wood workpiece is clamped in place on the vertical plate for routing. 
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and a jam nut and screw into the X-table (Detail 6). 
Thread the second stop nut with a jam nut onto the 
X-stop rod. The stop nuts will be adjusted for travel 
of the X-axis table. Clamp a stop nut with two 
1/4-20 jam nuts. 


Thread the knurled knob (1/4-20 x 5) through the stop 
mount (Detail 20). This will be a stop for the Y-axis eareh 
table travel. Assemble the vertical plate (Detail 42) outlet 
using the two angle iron plate supports. Mount the 
assembly on the Y-table. Connect the arm support 
(Detail 43) between the support bracket (Detail 22) 
and the top angle iron bracket. Mount the router as 
shown. Spot the holes as required in the router mount, 


No. 8 drill 


3 places 
17/64 dia h—- 3/16 
] @ 
1 hs 3/4 
ry upper fim 
are | 
: limit B O110VAC switch 


switch 


1/8 
2-1/2—e 
i] re I Figure 9 
7/8 ft os WIRING DIAGRAM 
I 2-4 


(51) LIMIT SWITCH BRACKET 
aluminum 


The router has begun to do its work. 


remove it, and drill the mounting 
holes as indicated. Install the router 
mount and mount the router crank 
handle and knob to the drive gear. 
Spot through the handle for the 
clamp screw (10-32 bolt). 


Pa | 
_ 
rm 


Wire the unit using the diagram 
shown in Figure 9. Use connectors 
where possible to ease disassembly, 
if required. Install plastic covers over 
the limit switch contacts for safety 
reasons (110v AC on terminals). 


71> ee a 


Ps 


There are many ways to clamp 
wood to the Y-table or the vertical 
plate. I used some knobs with a 
1/4-20 x 1" stud and two clamps 
or parallel clamps. 
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Build a Fretwork Saw 


he first time 

I saw a picture 

of the Twelve 
Apostle Clock in 
Klockit Magazine, I 
knew that taking on 
this project would be 
a real challenge. After 
receiving the drawings, 
it was obvious to me 
that trying to produce 
this clock on a regular 
scroll saw was not 
for me. In no way am 
I lazy, but removing 
and replacing the 
blade 1,590 times to 
' do the entire amount 
of internal cutting 
was a little too much. 
Even “stacking” 
didn’t appeal to me. 


Twelve Apostle fabricated with the fret saw. 


The Chimes of Normandy. 


Dimensions are 11" x 21" x 34". 


I built this fretwork saw, and it made the building of 
this clock a real pleasure. It is not my intention to 
emphasize speed. Fretwork is a very rewarding and 
challenging hobby, but in my view, it becomes a real 
job with much frustration when you have to stop 
constantly in order to remove and replace the blade for 
internal cutting. Normally, the cut takes much less 
time than the blade change. I know there are saws with 
“quick-change” blade attachments, but I felt there was 
a better way to make multiple internal cuts. 


With my saw, you need only move the table tilt lever 
to proceed to the next hole. The blade (Dremel No. 
8029) never has to be removed until it gets dull. I feel 
strongly that the tilting table is a good idea, especially 
for people that would like to get into this fascinating 
hobby, but may have a physical problem with limited 
hand dexterity to remove and replace a blade, but can 
still guide the stock through the cut. 


My main objective in designing and constructing this 


Dimensions are 11" x 20" x 40". 


fretwork saw was to eliminate the need to remove 

and reinstall the blade while performing internal cuts. 

I realize there are many fine scroll saws on the market, 
but in my estimation, they all share this troublesome 
problem. For outside scrolling, they are very accurate, 
but inside scrolling is a tedious and irksome operation. 
I also realize scrolling is a limited field, but I am 
confident my very simple to operate saw could open up 
this fascinating hobby to people who get frustrated with 
the present method of cutting inside patterns that 
involve innumerable cuts. 


The performance of this unit is equal to any good scroll 
saw. The magnifying glass allows the operator to very 
easily follow the exact pattern with fine precision. 
When required, the blade is easy to replace and is well 
captured in its holder. This particular Dremel blade is 
very forgiving in that, if bent by accident, it can simply 
be straightened in the saw and cutting can resume 
immediately. It also has enough rigidity to be used 

like a filing machine in very tight corners. 
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- 14.00 + 


.38 
vee! 
4.69 4. a 
r cs 7. i ie 1.25 
+4 C4 e- 1.75 8.50 
Qe Z | 8-32 tap 
1.56 10.88 24.00 6 places 
12.06 & 
17/64 dia : 1.25 | peed 
c'sink backside for 
1/4" FHMS g.500! /i 1.25 
10 places ream =f 
8.00 
1.13 11.88 
06 
Drill and c'sink 
6:00 for #4 FHWS 
! - 12.00 4 places 
BASE PLATE (2A) TABLE TOP 
mat'l - plywood mat'l - .06 steel 
1 required 1 required 
aay 
8.50 Say 
@.18 - 6 places 
18.00 | 
Drill and c'sink 
form BES 1/4-20 tap thru 
1.00 4 10-32 tap 
4 .38 deep 
.50 50 2 places 
208k 50 
TABLE TOP BASE 
(28) mat'l - 1/2" plywood 25 +! 
1 required 
(3A) PIVOT BASE (28) PIVOT 
mat'l - CRS mat'l - aluminum 
9.38 2 required 2 required 
1.00 
125 typ 
— #25 drill thru 
3 places $1.00 1:38 
equally spaced 
.38 ona.75@ b.c. 
Chamfer both ends 
1.00 0.38 
6-32 tap thru 
° 3 places equally spaced 
3/16 drill thru ona.75@ be. 
2 places 
PIVOT BRACKET (30) TABLE PIVOT ROD PIVOT BUSHING 
mat'l - aluminum angle mat'l- CRS mat'l - aluminum 
2 required 1 required 2 required 
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Chamfer both edges 


Drill and c'sink 
for #10 FHCS 


2 places 


1/4-20 tap thru 
25-4 


i 
= 1.00 --| a 
-+———— 2.00 


(44) LIFT BAR BASE (4 )LIFT HANDLE HUB 
mat'l - CRS mat'l - CRS 
2 required 1 required 


blower 


<oy Vac 
Ds switch 


Spherical R .75 deep 
(4) LIFT HANDLE 
mat'l- CRS 
1 required Vac fan Jct 
switch box 


10-32 tap 
.38 deep co} 


2 places P.25 1/4-20 thread 
(48) LIFT BAR UPRIGHT (46) LIFT HANDLE ROD ELECTRICAL DIAGRAM 


mat'l - aluminum mat'l- CRS 
2 required 1 required 


14.50 
Flat for setscrew 


I 
G.38 


LIFT BAR ROD 
mat'l - CRS 
1 required 


10-32 tap 


+——=:2:00, 
~ 50 L 
HH] 


0.38 


(40) LIFT BAR 
mat'l- CRS oo! 
2 required 


Left side view of the fret saw. 
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lk 9.00 4 50+ kK 
| a nee 
48 a a 
—— 1.50 =e 
ge} | ; 
4.63 3.00 
- 4.88 - 9:00 
© © = 


= = 2.00 +175 = 
ace 
.265@ typ 


SUPPORT ARM BASE 
mat'l - CRS 
1 required 


1/4-20 tap 
.62 deep 


2 places 


.265 @ - 2 places 
—- 


1.25 15 


i 
aN 
al a 
fase 
aie 


1/4-20 tap 
.43 deep 265 D 
3 places 3 places 
(6A) UPRIGHT (68) UPRIGHT GUSSET 
mat'l- CRS mat'l- CRS 
1 required 1 required 


50 
1.00 
38 

6-32 tap 1/4-20 tap thru 

.38 deep 2 places 

2 places 7) SUPPORT ARM 
mat'l - CRS 
1 required 


Right side view of the fret saw. 


84 


The Shop Wisdom of James McKnight 


@.27 thru - 2 places 


D.28 
4 places 


1.13 — 


Drill and c'bore 
for 1/4" SHCS 
2 places 


(6c) UPRIGHT BASE 


mat'l - aluminum 
1 required 


Another advantage of the tilting table is 
the ease of removing small cut out pieces 
that sometimes get caught between the 
table and the hold down foot. 


The major problem with fretwork sawing 
today is the internal cutting process. You 
must stop the saw, remove one end of the 
blade, feed it through a pre-drilled hole, 
re-clamp the blade, start the saw, and 
resume cutting. On a project that requires 
extensive internal scrolling, this can be a 
very frustrating and time-consuming effort. 
With this saw, the only time the blade is 
removed is when it becomes dull. You need 
only to stop the saw, rotate the table down, 
feed the blade through the hole as you 
rotate the table back up, start the saw, and 
resume cutting. This eliminates the major 
drawback to this very rewarding hobby. 


I have used the same blade for hundreds of 
cuts. The saw was designed for 1/4" thick 
(or less) plywood, or a similar material. The 
project I am working on at present requires 
several hundred internal cuts, and I would 


not even attempt it on a regular scroll 
saw. In general, it would take much 2 Dia Flex Hose 
longer to remove and re-install the 
blade each time than the cut itself. 
If you are trying to make a puzzle, 


this is not the saw for that purpose. Vacuum 


Cleaner 
The unit is extremely easy to use, Wales 


and puts the fun back in fretwork 
sawing. I added the vacuum system 
(old furnace blower) to help keep the 
very fine sawdust to a minimum. 
The unit was used in reverse, 

as shown in the drawing. 


Furnace 
Blower 


Plumbing Adapters 
VACUUM SYSTEM Bag 


.88 ref 
Q.75 


#27 drill thru 


are L260 mill .88 deep 
2 places for #6 RHMS 

2.13 £1.00 (.625 ream 
1 | i ; for bushing 
| ;| 1.00 Press fit to 43 
| © | Detail 8A }-——-} | 
Bele Bas 

TT 


(6a) SPINDLE HOUSING SPINDLE CAP 
mat'l- CRS mat'l - CRS 
1 required 2 required 


| [oHF | 
1.00 Chamfer both ends bt ” ion a. 
eS Te \ a 2) - 
50 (98) BLADE COLLAR Rear view shows the vacuum arrangement and collection system. 
Q. mat'l- CRS 
0.375 1 required 
slip fit in 10-32 tap 
5.00 bushings 
022 156 sD 
central —-— .025 Drill and c'sink 
.050 for #8 FHMS 
—R.75 central 2 places 
56 
‘a ral a, 
1.38 ie | 1.00 
: .093 E 
75 50 
188 vp ae eared i 
‘ Flat for setscrew 3.00 


25 
BLADE SPINDLE (0A) BLADE GUIDE (108) BLADE GUIDE MOUNT 
mat'l- CRS mat'l - tool steel mat'l - aluminum 
1 required 1 required 1 required 


Hardness - Rockwell C55-60 
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1.63 - 
25 1.13 Se r 
| 1 i, 
25 | 
I 
Chamfer corners @.375 

2 places 

CONNECTING ARM 
mat'l- CRS 
1 required 


Drill and c'bore 
for 1/4" SHCS 
2 places 


1/4-20 tap thru 


38 


2.00 


@.265 


1/4-20 tap 

.50 deep 

2 places MOUNTING PLATE 
mat'l - aluminum 


1 required 


2 places - 


Flat for setscrew 


can, 
O 


Chamfer 
both ends 
2 places 
(128) WRIST PIN 
mat'l - tool steel 
Chamfer both ends 1 required 


ECCENTRIC SHAFT 


Operator's view shows the front of the fret saw. 


CA/Quartz, 


mat'l- CRS 
1 required 
Flat for setscrew 
@.19 thru @.75 thru 
4 places 2 places 25-4 
T 
—s | 
T : om (a 
113 1.75 | | 
3.50 | BG 9.218 P.250 
t F x CRANK PIN 
@ © + iz mat'l - tool steel 
sae 213+ 1 required 
1.63 1.38 | 
! = 
— © Pr 31 9.27 thru 
138 ee 2.25 —+ 0.27 thru =e 2 places 1 
Ps 0 2 places 50 T ani a) 
= 3.00 “ oO; : 
TT 
Me 50 —--—+ 
(438) MOTOR MOUNT 1.25 Bal 38 
mat'l - CRS 25) 
1 required re 
4.50 
2.25 
1/4-20 tap 
.50 deep 


2 places 


MOTOR 
BRACKET 
matl-CRS = 1— 
1 required } 


2.00 


The fabrication of all the details is pretty straightforward. 
Detail 1 and Details 2A and 2B could have some holes 
spotted from other assemblies. On Detail 9, use the 
smallest diameter (.022") slitting saw available. Parts used 
for the blower will have holes added that will be dictated 
by commercial items used. Adjust the light arm assembly 
to suit the proper lighting requirement. The “Molon” 
drive motor was probably not the best choice for this unit, 
but I had it on hand, and combined with cooling fan, there 
have been no problems with overheating in the five years 
I've used it. 


Be very careful to line up the blade, including the back 
edge with the Detail 10A and 10B assembly when 
mounting the arm assembly to the main base. 


I have not emphasized the blower motor mounting since 
this all depends on the particular unit used. 


Cutting a piece of the clock. 


) 


Blower tube mount 
(bend tube to suit) 


Light mounting bracket 
‘ (attachment as required) 


Raise and lower table 


RSF 


OBA? Y 
SAI: 
SHALAOO 


‘ With the table tilted, 
relocating the saw 


blade is easy. — 


To remove and replace the 
blade, proceed as follows. 
Lower the table, rotate the 
blade holder to its highest 
point, and loosen the 4-40 set- 
screws and the blade together. 
To replace the blade, hold the 
blade inside the sleeve and 
re-assemble both the blade and 
the sleeve, tilted at a slight 
angle, until the blade pin can 
be nested in the cross slot and 
the sleeve can be pushed up 
into position to tighten the 
4-40 setscrews in the flat area. 


I will probably upset some 
great fretwork craftsmen with 
this unit. I deeply admire their 
beautiful work on a standard 
commercial scroll saw. 
However, this machine has 
been a joy for me to design and 
build. It has given me several 
years of many happy hours 
making numerous clocks 

and other fretwork items. 
Technique is a large part of 
scrolling and even with the 
short throat depth (12") I find 


that fairly large pieces can be cut due to the way 
the saw works. For example, you don’t simply 
follow the internal pattern from start to finish in 
one cut. Because of the tilting table, the part can be 
moved very rapidly to a new position without the 
trouble of removing and re-attaching the blade. If a 
certain internal cut does not look exactly right it is 
extremely easy to go back and touch it up. 
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FRETWORK SAW-ASSEMBLY/OPERATIONS 

The main base (Detail 1) supports all the components 
for this saw. The tabletop assembly (Details 2A and 2B) 
pivots up and down around the pivot assembly by 
utilizing the lift bar assembly. The base (Detail 5) 
supports the horizontal arm (Detail 7), and stiffens the 
main base in this area. The housing assembly (Details 
8A and 8B) holds the blade assembly (Detail 9} as it 
oscillates up and down. Detail 10A, a blade guide, 
backs up and confines the blade during cutting 


operations. Detail 4 and Details 12A and 12B drive the 
blade mount assembly, utilizing the motor, pulleys, and 
the belt. The Motor Mount (Detail 13B) holds the main 
drive motor. The arm assembly (Details 13A, 13B, and 
13C) is the mount for the light, and Detail 15 is the 
blower tube holder. Detail 16 is the housing assembly 
that supports the eccentric drive assembly. The hold 
down the foot assembly (Details 17A and 17B) prevents 
the material being cut from lifting off the table during 
the blade’s upstroke. 


Light/fan switch 


oa 


Mount lamp 
per requirements 


8) 

ie] 
LY 
el 


"1 


f 
season 


ESSSs5 
= 


Lk 
< 


(MEL. 


ESEEEEG 
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tz 
j ZED 


CBA® © 


Co COL io 
Electrical q 
box © © 


° 
° 


assembly 


) 
oS 


Electrical box 


ae ay 
CN x8} 
) 


BILL OF MATERIALS 


| 1 [Base plate | 1 | plywood | 3/4" x 14" x 24" 

Table top 1 | steel 06" x 12.00" x 18,00" 

Table top base |_| plywood W202" x 18" 

Pivot base 2 | steel 50!" 1.00" x 2.00" (4A) LIGHT SUPPORT ARM a 


50" x 1.50" x 2.00" "Trequtred 
alum, angle| 1/8" x 1.00" x 1.00" x 2.00" 
CRS 3/8" © x 13.00" 
aluminum | 1.00" @ x 3/8" 

aluminum | .50" x 1.00" x 2.00" 

| 4c | liftbarrod | 1‘ crs 3/8" © x 14.50" 
steel 50" x 1.00" x 2.00" 


Lift handle hub 1 | steel 1.3/8" x .50" 
Lift handle 1 | steel | 5/8"O@ x 2.00" [ ee 3.50 ae ie 
Lift handle rod 1_| steel 1/4"@ x 3.31" (48) LIGHT ATTACHMENT 
5 _| Support arm base 1 | steel 50" x 6.00" x 9.00" Teale: 
| 6A | Upright |_| steel 50" x 3.00" x 6.63" 
6B | Upright gusset 1 | steel 25" X 2.00" x 5.00" 
6C | Upright base 1 | aluminum | .50" x 3.00" x 5.00" 
Support arm 1_| steel 50" x 2.00" x 12.00" 
8A | Spindle housing 1 | steel 1.00" x 2.13" 
8B | Spindle cap 1,00"@ x .25" 
9A | Blade spindle 1AIEGRS 50"S x 5.00" 
98. | Blade collar 1 | crs 625" x 1.13" 


11 | Connecting arm | 1 | crs [.13" x 50" x 1.63" i. 
12A | Eccentric shat | 1_| crs___| 1.00" x 2.75" (40) LIGHT BRACKET 


mat'l - steel channel 


tool steel | .25"O x .88" 1 required 
Crank pin 1 | tool steel | .25"0 x .88" 
aluminum | .50" x 3.00" x 4,00" 
1138 | Motor mount | _1_| steel 25" x 3.00" x 3,50" 
113C | Motor bracket | 1 | steel 50" x 2.00" x 4.50" 
IAA | Light support arm | 1 | steel | 13" X 1.25" x 4.50" 
| 148 | Light attachment 25" x 1.25" x 3.50" | 
/14C | Light bracket 1 | steel 18" x 125" KL 25" X12" eee 
15 | Blower tube bracket} 1 | aluminum | .50" x .88" x 1.75" 
1 


16 | Crankshaft block aluminum | 1.25" x 1.50" x 1.50" 10-32 tap 38 =e 
117A | Foot bracket 1 | aluminum) | .25" x 1.25" x 4.00" i 
eorectes! 


| 17B | Foot angle aluminum | 1/8" x 1.00" x 1,00" x 2.63" 


18 | Mending plate 25" x 2.00" x 3.00" acl 


BLOWER TUBE BRACKET 
mat'l - aluminum 
1 required 
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@.500 ream 
for bushings 


.50 deep 
2 places 


ae 


16 ) CRANKSHAFT BLOCK 
mat'l - aluminum 
1 required 


6-32 tap thru 


FOOT BRACKET — > piaces 


mat'l - aluminum 


1 required 
Geatend' 8 


1.00 


ey 


(78) FOOT ANGLE 
mat'l - aluminum 
1 required 


I 3.00 i 


(18) MENDING PLATE 
mat'l- CRS 
2 required 
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NO. DESCRIPTION 


5 | Oilite Plain Bearing 


PURCHASED PARTS 


.25" ID x .375" OD.x .125" long 
| .312" ID x .50" OD x .50" long 
.375" ID x .50" OD x .50 long 


Oilite Plain Bearing 


A 2 | Oilite Plain Bearing 
B 2 | Oilite Plain Bearing 
C 
D 
E 


Oilite Flanged Bearing 


.50" ID x .625" OD x .25" long 
312" ID x .625" OD x .50" long 


Timing pulley 


Timing pulley 


1.0"O 14 x LO 37 
2.0"6 30 x LO 37 AGF 
3/8" 180 x LO 37 


540 rpm 
Molon ZRM-80604-2 or equiv. 


Cooling fan 


3" AC (Radio Shack) 


SHCS 
SHCS 


Appropriate light fixture of choice 
Magnetic magnifying glass (Kitts) 


Funnel for blower 


Suppliers: 


Kitts Industrial Tools 
22384 Grand River Ave 
Detroit, MI 48219 


1015 


Lincol 


2 

1 Electric box/cover 2 xe 2" AN 

1} Electric switch SPST light switch 
N ] Plastic box/cover y-1/2" 2" x Al 
P 1 | Toggle switch SPST 110V 
R 1 | Blower fan — biscuit 25 cfm 

Howard SC382 or equiv. 

S 1 Saw blade Dremel #8029 or equiv. 
T 1 Blower tube 1/4" 1D x 3/8" OD x 6" 
U 3 3/16" ID external 
V 3/8" ID x 1/2" OD x 20" 


1/4-20 x 1-1/4" 
1/4-20 x 1/2" 


Ni~< 


AB 
AC AHSS 8-32 x 1/4" 

AD FHMS 8-32 x |" 

AE SHCS 6-32 x 1/2" 

AF 
AG 


AH |__| SHCS 1/420 x 3/4" 
A | | Hexmt 1/420 
| ARF | Mock washer ~~" 47a" 


Surplus Center 


West “O” Street, P.O. Box 82209 
n, NE 68501 


For normal outside fretwork 
sawing, keep the table in the up 
position. Turn on the light, motor/ 
blower and vacuum switches, and 
then feed the material into the 
blade following the pattern outline 
using the magnifying glass for a 
precision cut. 


For inside cutting, pivot the table 
down using the tilt lever, position 
the material with a pre-drilled hole 
in line with the saw blade, and then 
guide the blade through the hole as 
you pivot the table to the full up 
position. Turn on the saw and start 
cutting, as per above. When the cut 
out is complete, turn off the saw, 
pivot the table down, and proceed 
to the next drilled pre-drilled hole. 


men! 


The Twelve Apostle clock with the figures on a homemade transport unit. 
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Oscillating Edge 
Belt/Spindle 


Sander 


have seen oscillating spindle sanders but not a belt 
I type. When I saw an ad for this kind of unit, 

it looked like a good project to tackle. As with 
all of my many projects, I like to utilize material 
accumulating in my shop area. Since there were no 
linear bearings (assuming that is what is used to 
achieve the Z-axis movement) on my shelf, I decided to 
take a different approach. Somewhere along the line, 
a number of steel ball glides came into my possession 
so it looked like these could be a possible replacement 
for the linear-type bearing by using them in 
conjunction with some V-ways. I was a little 
surprised how well they did work: 


Start the construction by cutting all the plywood and 
pine parts (Detail 1 thru Detail 8 and Detail 16) to size 
on your table saw. Add the slots to Detail 2 and Detail 
7. Square up the ends of Detail 10 and add the holes. 
You can drill all the holes, as shown, using the 
coordinate charts on the detail drawings or do as I did 


Sand flat 
(see text) 


3/16 dia 
2 places 


(a) STEEL BALL GLIDE 
Woodworkers Supply #853-763 
or equivalent 


92 


by clamping each piece of angle iron in proper position, 
per print, and then spot drilling through the sides (after 
sides are assembled to bases using Detail 10). I clamped 
the two side supports (Detail 10) to the main base and 
attached the sides (Detail 2 and Detail 3) using round 
head wood screws. You can use flat head machine 
screws, if preferred, and countersink the bottom of 
Detail 1. Mount three 3/4" x 1-1/2" pine support 
blocks to each side using wood screws or machine 
screws. They can also be glued and then clamped in 
place. Mount Detail 8 to Detail 4. Make the cutout for 
an electrical box according to the type you intend to 
use. I decided to use two switches because of the need 
to adjust the tracking of the sanding belt and I prefer to 
do this without the oscillating operation. 


Detail 6 was an obvious afterthought because the 
oscillating motor turned out to be longer than 
originally planned, but this turned out well since it 
provided a surface to screw into and mount the rear 


ae 21 
3/4 E 


mat'l - plywood 
1 required 


The ball guides show up well in this 
)q front view of the sander. Also visible 
} is the chain idler sprocket. 


3/4 x 3 metal strap 


Hole Dia Xx Z 
A 7/32 1-1/8 = 11-3/8 
B 7/32 1/2 9-3/8 
C 7/32 1-1/8 5-3/4 
D= 7/32 1/2 3-3/4 
E 7/32 3-11/16 2-3/8 
F 7/32 6-13/16 2 
G 7/32 9-1/4 3-3/4 
H 7/32 9-7/8 5-3/4 
J 7/32 8-3/4 Me 
K 7/32 10 if 
L 7/32 9-1/4 9-3/8 
M_ 7/32 9-7/8 11-3/8 


(2) LEFT SIDE 


mat'l - 3/4 plywood 
1 required 


1/2 dia for Detail 36 


cover. Glue or screw (with straps) Detail 6 to the main 
base and sides. Note; if you use glue, attach all three 
pieces separately in case the sides have to be removed. 


Glue the pine strips to the table top (Detail 7) as 
shown. Attach the brackets (Detail 41 and Detail 42) 
with appropriate wood screws in the locations shown. 
Attach the miter guide (Detail 35) with 4-40 flat head 
wood screws. 


Square up the motor mount (Detail 9) on the mill. 
Clamp and bore the 1-7/8" diameter hole (if you use a 
motor similar to mine) in the mill or on a lathe. Drill 
four 3/16" diameter holes. Screw the mount to the 


Hole Dia X Z 


A 7/32 1/2 11-3/8 
B 7/32 = 1-1/8 9-3/8 
C 7/32 1/2 5-3/4 
D 7/32 1-1/8 3-3/4 
E 7/32 3-3/4 2 
F 7/32 6-7/8 2-3/8 
G 7/32 5-3/16 6-15/16 
H 7/32 5-3/16 9-13/16 
J 7/32 «9-1/4 =. 11-3/8 
K 7/32 9-7/8 9-3/8 
L 7/32 8-3/4 v4 
M 7/32 10 7 
N 7/32 9-1/4 5-3/4 
P 7/32 9-7/8 3-3/4 

RIGHT SIDE 

mat'l - 3/4 plywood 
1 required 


main base per print. The upper motor mount (Detail 16) 
was made as shown because of the drive motor that I 
used. It can vary to accommodate the motor utilized. 


Square up the ends of the angles for Detail 11, Detail 12 
and Detail 13 in the mill or on a disk sander. Lay out 
and add all the holes as shown. Cover the steel ball 
glides (Detail A) for protection and sand one side flat 

as shown. Using No. 10-24 x 1/2" RHMS with washers 
and nuts, assemble the eight glides to the eight 

Detail 11 pieces with the flat towards the sides. 

During assembly alignment, you may need clearance 
for adjustment. Temporarily mount the Detail 11, 
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In this rear view, both motors are visible. The box to the 
right of the oscillating motor is the junction box. 


Detail 12 and Detail 13 pieces to the sides as shown in Figure 1. 


Square up the ends of the sprocket arm, Detail 14. Machine the two 
slots but do not add the 3/8" diameter reamed hole at this time. 


Make the spacer, Detail 15. 


The top and bottom carriages (Detail 17 and Detail 18) should be 
machined together. Mill both ends square then clamp Detail 17 to 


94 


Prat x 1-1/2 x 11-7/8 pine 
1-1/4 Ig wood screw - typ 


Figure 1 


LEFT SIDE ASSEMBLY 
RIGHT SIDE OPPOSITE 
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10-32 x 1-1/2 RHMS 
7-5/8 7 washers and nut - typ 


Cut out for| 
electrical 
box 


Drill for wood screws oto) 4— 


(4) FRONT PANEL 9 Places 


mat'l - plywood 
1 required 


L 
Mca 
3/4 x 3/4 x 11-7/8 pine 

1/4 
ease typ 
@ 
] 

Drill for 


REAR PANEL wood screws 
mat'l - plywood 
1 required 


11-7/8 


12 1-1/2 


(6) EXTENSION 


mat'l - pine 
1 requird 


TABLE TOP 
1 required 


3/8 x 3/4 x 6-3/4 pine 3/8 x 3/4 x 8-3/4 pine 
2 places 2 places 


3/8 x 4x 18 pine 
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Detail 18. Drill and ream three 
1/4" diameter holes through at 
the center point and at the 

7-1/2" dimension. Remove the 


c 5 


I 
—e- 


Lo1/2 typ 


clamp and install two 1/4" x 
3/4" dowel pins in the end 
holes. Lay out and drill the four 
1/8" diameter relief holes 
through at the bottom of the 
V-grooves. Mount the assembled 
pieces in the mill vise at a 45° 


3/16 dia 
4 places 


angle or tip the mill head and 


machine 90° V-cuts at the four 1/2 typ Feat wees screws 

corners holding the 1.0" width. P 

Do not add the No. 6-32 tapped sy ie MOUNT 1-7/8 dia 
: ; mat'l - pine 

holes at this point. required 


MOTOR MOUNT 
mat'l - aluminum 
1 required 


1/4 dia 
4 places 


SIDE SUPPORT 


mat'l - steel angle 
2 required 


The carriage assembly and drive chain are now in position. 


Drill and ream the .625" diameter holes through both 
pieces and then disassemble the carriages. Add the holes 
for mounting Detail 33A and 33b adjuster brackets. Drill 
and tap the three No. 10-32 holes in Detail 18 and then 
set it up in the mill vise. Using a 1/2" end mill, cut the 
slot per print. 


Mount Detail 19 in the lathe. Face the end and add the 
1/4-20 tapped hole. Turn the piece around and add the 
tapped hole in the other end. 


Square up the ends of the four carriage guides (Detail 20) in 
the mill. Clamp them in a V-block and machine the sides 
flat to maintain the 11/16" dimension. I clamped the angle 
iron at the center point and then machined each side of the 
clamp. The part was then removed and the raised area was 
cleaned up on a disk sander. This machining is required to 
assure Clearance of the ball on the glide. 


Face each end of the drive shaft (Detail 21). Machine the 
flats and add the 1/8" x 1/8" x 2-1/2" key slot in the mill. 
Face both ends of the idler shaft (Detail 22) in the lathe. 
Machine the flats and add the .1875" reamed hole as shown. 
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13/32 


(1) BALL GLIDE MOUNT 
mat'l - steel angle 
8 required 
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1/8 


1-172 


3/4 me-| 


1-1/2 


2 places 
2 


1/4 dia 
2 places 


1—| 10-32 tap STOP ae te 
mat'l - steel angle 
1/8 2 required 
1-1/2 We 
{ 11 
t 1/4 x 3/4 slot 
both ends 
SPROCKET MOUNT 
mat'l - steel angle 
2 required 
.375 dia ream 
‘ea SPROCKET ARM 
Par Mae) a mat'l - CRS 
1 required 
1-1/2 
By Lay out the crank (Detail 23). Drill and ream the two 
3/8" diameter holes. Band saw and sand the ends to a 
3/8" radius. Install Oilite bearings (Part F) in each end. 
375 dia ream 
(1s) SPACER Machine the ends of a 3/8" x 3-1/2" piece of steel for 
met! -CRS Detail 24. Drill and tap two No. 10-32 holes on 1-3/16" 
required 


centers and the two 1/4" diameter mounting holes. 
Mount the 3/4" diameter aluminum pieces in the lathe. 
Turn the bearing mounting diameters for a good slip fit 
and face to maintain a .320" length for the bearing. 
Drill and tap halfway from each end for the No. 10-32 
screws. Install the studs, protruding no more than 3/8", 
at the mounting end. Mount the bearings on the shaft 


11-7/8 
5-15/16 ———— 3/4 typ 


~|S/4-* 


3/16 dia , 
8 places 


* 
May change to 
Soe ——— Se a MOTOR MOUNT fit your motor. 
The carriage support column and drive shafts are visible in mat'l - pine \ 
this rear view. 1 required 


The Shop Wisdom of James McKnight 97 


8-32 tap thru - 4 places 
Locate at assembly. 


17/64 dia 


.625 dia ream 


3/16 
(20) CARRIAGE GUIDE Drill and c'bore 
mat'l - 1"x 1" steel angle for #6-32 SHCS 
@ 4 required 2 places 
5-3/4 ———+ #8 drill Ou 1/4-20 tap 
11-1/2 2 places 5/8 deep 
3/8 | 6-32 tap - 1/4 flat 
1/2 deep 
BOTTOM CARRIAGE 2 places 
mat'l - aluminum both sides 
1 required 


5-1/2 1/4 x 1/2 flat 


8-32 tap thru - 4 places 3 places 


Locate at assembly. 
7-1/2 
.625 dia ream 


1/8 x 1/8 slot 


2-1/2 


.500 dia 


Drill and c'sink 


for No.10 SHCS 13-318 
2 places 
1-1/4 
6-32 tap - 
TOP CARRIAGE tae 
mat'l - aluminum bath sides 
1 required 4-4/8 il 
DRIVE SHAFT 
lt mat'l - drill rod 
1/2 1 required 
1/4 x 1/4 flat ee 
ite 3/8 
1/4-20 tap 
1/2 deep 11-1/4 3/4 Lalosk 
TT both ends 
LH 


Press fit 
both ends 


NO 
1/2 dia 
-1875 dia ream 
176 >) 
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mat'l - aluminum 
1 required 


IDLER SHAFT 
mat'l - drill rod 
1 required 
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CRANK 
mat'l - aluminum 
1 required 


@) 


No.10 washer turned 
to 1/2 OD - 2 places 


(3/8 9/16 


10-32 x 5/8 RHMS 
2 places 
3/16 


1/2 


i ~— 
4-1/4 
SPROCKET GUIDE ASSEMBLY 


1 required 


and capture with a washer and No. 10-32 x 5/8" button 
head screws. 


Detail 25 is a piece of commercial key stock cut to 
length as shown. 


The tracking adjuster (Detail 26) is made from a piece 
of 1/4-20 x 3-1/2" threaded rod, two 1/4-20 lock nuts 
and a commercial knob. The other tracking adjuster 
(Detail 27) is made from a modified 1/4-20 x 3-1/2" 
carriage bolt, two lock nuts and a knob. 


The lower slide assembly, Detail 28, was started by 
squaring up both ends of a 1" X 1" angle iron. Clamp 
the two 1" x 1" angle pieces together and add 17/64" 
diameter drilled holes and 3/16" diameter reamed holes. 
Disassemble the angles and square up a piece of 1/2" x 


2-1/2 ref 


@ eer 


1/4 


\\ 


= 
Teena rant — hr TE 


= ANNUAUANCANCAAURASAGT AAAS = JOMUAVUNU qt ONIN 


mat'l - CRS 


1 required 1/4-20 lock nut 


TRACKING ADJUSTER 


Modify as shown 


Sea be 


fy 
eT ABA san HARA |_| 
ALIN OO | 


Sere 
1/4-20 lock nut 


(27) TRACKING ADJUSTER 


1/2" x 1" CRS in the mill. Drill the 1/4" diameter hole 
and the 1/2" diameter counterbore. Next, make a 1/2" 
diameter x 1/2" spacer in the lathe. Clamp the two 
angles together with a spacer, bolt and nut. Install the 
1/2" x 1/2" x 1" block at the other end and clamp in 
place. Drill for the 6-32 tap and the 3/32" diameter 
spring pin. Disassemble and open up the clearance hole 
in the angle sides for the 6-32 x 3/8" screws. 
Reassemble with screws and spring pin. 


The retainer (Detail 28B) and the spacer (Detail 28C) 
can be made together. Machine the ends of the 1/8" x 
1/2" and 1/8" x 1" pieces. Lay out the No. 18 drill 
mounting holes. Clamp the 1/2" and 1" pieces together. 
Center punch and drill the mounting holes. Cut the 45° 
clearance angle. 


2 places RETAINER 
B i 
mat'l - steel 


2 required 


6-32 x 3/8 RHMS 


17/64 dia 
thru 


ca Minced 
oi ik 


5/8 3/16 dia 
2 places 
in line 


LOWER SLIDE ASSEMBLY 


2 places 


SPACER 
mat'l - steel 
2 required 


2 places eo 


The Shop Wisdom of James McKnight 99 


Assemble the adjuster bracket (Detail 33A) to the lower 
carriage (Detail 17). Mount and clamp the lower slide 
assembly (Detail 28) to the lower carriage leaving a 1/2" 
space between the adjuster bracket (Detail 33.A) and the 
slide assembly with the slide assembly on the centerline 
of the carriage. Drill and tap for the No. 8-32 screws. 
Assemble the slide to the lower carriage. Add shims 
between the spacer (Detail 28C) and the retainer (Detail 
28B) to assure the Detail 28 assembly slides freely. 


For the upper slide assembly (Detail 29), I utilized an 
existing bracket as shown. Lay out, drill and tap to 
mount the 3/16" x 1" x 2-3/4" piece to the bracket. 
Assemble with No. 10-32 FHMS. Drill and tap the 
1/4-20 hole. Mount the bracket in the mill and add 
the 1/2" x 5/8" slot. 


The retainers (Detail 29B) 
and spacers (Detail 29C) 
can also be made together. 
Machine both ends of a 
piece of 1/8" x 1/2" steel 
and 1/8" x 1" steel. Lay 
out the No. 18 drill holes. 
Clamp the pieces together, 
as before, and drill the 
mounting holes. 


Locate the retainer (Detail 
29A) on the upper carriage 
(Detail 18), again leaving 
a 1/2" space between the 
retainer and the adjuster 
(Detail 33B). Spot through, 
drill and tap for the No. 
8-32, mounting screws. 
Again, add shims between 
the spacer and the top 
guide strip to assure free 
movement of the bracket. 


OO a ae 


The sanding drums (Detail 30 and Detail 31) are 
fabricated by using aluminum tubing and 1-1/2" 
diameter aluminum trunnions. Set up the tubing in the 
lathe and face both ends to length. Mount some 1-1/2" 
diameter stock in the lathe. Indicate the OD as true as 
possible then drill and ream for .500" diameter bore in 
Detail 30 and .625" diameter bore in Detail 31. 


Insert the 5/8" and 1-1/4" wide trunnion, per print, 
using a piece of .500" diameter x 5" drill rod as a 
mandrel in the bores to assure good alignment. Set up 
the assembly in a V-block, center punch for the six No. 
8-32 screws then drill and tap per print. Degrease the 
parts and install six No. 8-32 aluminum screws in each 
piece. Saw off the screws flush to the OD. Remove the 
center mandrel. Drill and tap the No. 10-32 setscrew 
hole in the drive drum 
(Detail 30). Mount the 
mandrel in the lathe and 
add centers at each end 
and add a flat for the 
setscrew. Insert the 
mandrel in the bore of 
the drive drum and clamp 
with a setscrew. Mount - 
the assembly in a 1/2" 
lathe collet and support 
the other end with a live 
center. Turn a 1° taper on 
one side, reverse the part 
in the lathe and finish 
turning the taper on other 
side of centerline. 


To fabricate the idler 
drum (Detail 31), first 
press two Oilite bearings 
(Part K) into the 5/8" 
diameter bores. Install 


RETAINER 


Drill and c'sink 10-32 x 3/8 
for 10-32 FHMS 2 places mat'l - steel 
2 places 2 required 
/ 
i—<=s J ri 
1/4 
1/2 Yeo I A. 
else 1-7/8 ie Li 
UPPER SLIDE ASSEMBLY SPACER 
mat'l - steel 
2 required 


100 The Shop Wisdom of James McKnight 


.500 dia ream 


1° taper each side 8-32 tap - 3/8 deep 


eecenteriine places equally spaced 
both ends 3.1/2 
| | eats 


wo 


1/4-20 tap 
2 places 


3-3/8 
BACKER PLATE 
mat'l - aluminum 
1 required 
Jj 


(30) DRIVE DRUM 
mat'l - aluminum 
1 required 


.625 dia ream 
< both ends 


BACKER PLATE MOUNT 
mat'l - steel angle 


1 required 


1° taper each side 8-32 tap - 3/8 deep 


of centerline 3 places equally spaced 
both ends 
a = =a 


and pin the trunnions the same as done for the drive drum. To 
turn the taper, fabricate a lathe “dog” by turning a 1/2" x 1-1/2" 
diameter disk with 1/2" bore, add a No.-10-32 tapped hole through 
the edge into the bore and a No. 18 drill hole through the side on 
a 7/8" radius. Insert the same mandrel into the bores. Mount the 


3-3/8 “dog” on the mandrel at the 5/8" wide trunnion end. Spot the 
through hole and drill (#29) and tap No. 8-32 x 3/8" deep. ~ 
Degrease and clamp the mandrel with a No. 10-32 setscrew in the 
“dog” and clamp to the idler drum with a No. 8-32 RHMS. Mount 
! the assembly in the lathe and turn the taper the same as for the 


drive drum. 


The backer plate assembly requires squaring up the ends of the 


@) aluminum plate (Detail 32A) and the angle iron (Detail 32B). Drill 
IDLER DRUM : : : 
pratt alunihurr and tap all required holes, per print, and assemble using short 

1 required screws so as not to protrude through the front of the plate. 
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brackets (Detail 33A and Detail 33B). 
Lay out, drill and tap the mounting 
holes. Tap Detail 33A, drill and 
counterbore Detail 33B per print. 


Machine square the ends of the adjuster ne 2-3/4 i ig 


10-32 tap 
1/2 deep 


(3! 6 2 places 


ait 


The crank mount (Detail 34) and the 
shields (Details 37, 38, 39, and 40) are 
simple parts that are easily fabricated. 
The cover clamps (Details 41 and Detail 
42) and the motor mount (Detail 44) are 


also easily made from angle stock. 1/4-20 tap thru 17/64 dia thru 18.dia $11 deep 
The miter guide (Detail 35) is a ADJUSTER BRACKET 

: ; mat'l - CRS ADJUSTER BRACKET 
purchased piece of aluminum channel 1 required mat'l - CRS 
modified by reducing the height to 1 required 


1/4". I did this on my band saw using 
a guide bar. Add two holes for the 
No. 4-40 FHWS. 


1/4-20 tap 


1/4 deep Co 6 
aia 


areal 3/4 


13/16 
3/8 4 
R Drill and c'bore 
. for 4-40 FHWS 
1/4 dia 2 places 
CRANK MOUNT @s) GUIDE GROMMET 
mat'l - CRS mat'l - aluminum extrusion mat'l - plastic 
1 required 1 required 1 required 
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11-15/16 


1/8 dia 
2 places 


MOTOR SHIELD 
mat'l - aluminum sheet 
1 required 


LOWER SHIELD 


mat'l - aluminum sheet 
1 required 


The grommet (Detail 36) was a plastic plug I had in my 
junk box. 


For the eccentric (Detail 43), mount a piece of 2" 
aluminum rod in the lathe chuck. Turn down to 1" 
diameter for a distance of 1". Drill and ream the 3/8" 
diameter hole. Remove from the lathe and add the No. 
10-32 tapped hole. Lay out, drill and ream the 1/4" 
diameter hole for dowel pin. 


The drive sprocket (Part C) needs to be modified. Mount 
the 1/2" ID x 3/4" OD Oilite bearing (Part H) in the mill 
vise. Using a 1/8" end mill, cut through one side of the 
bearing. Press into the sprocket (my sprocket had a 1/8" 
wide x 1/32" deep keyway) in alignment with the existing 
keyway. Drill and tap a No. 6-32 hole as shown. Clamp 
the bearing to the sprocket with a short No. 6-32 RHMS. 


CARRIAGE ASSEMBLY PROCEDURE 


Remove the upper slide assembly (Detail 28) and the 
lower slide assembly (Detail 29) if previously assembled. 
Install the drive shaft (Detail 21) through both Oilite 
bearings. Lay the upper and lower carriages (Detail 17 and 
18) on edge using a surface plate and assemble the support 
(Detail 19) with two 1/4-20 x 3/4" AHCS. Temporarily 


TOP SHIELD 


mat'l - aluminum sheet 
1 required 


bee 
5/8 
1/8 dia 
2 places 4-1/2 
3/16 
me 
5/8 { 
1 


1-3/4R 


1-7/8 


(40) OSCILLATOR SHIELD 
mat'l - aluminum sheet 
1 required 


Bore sprocket for bushing 
and machine for key. 


Modify bushing per text. 


Figure 2 
SPROCKET MODIFICATION 
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This view shows the miter channel installed in the top. The underside view of the top shows the clamp installations. 


install a 6" spacer bar at one end. Put one carriage guide _ correct re-assembly. Use parallel bars on the drill press 
(Detail 20) in the V-groove (at the spacer end) with the to assure the upper and lower carriages are in exact 
top end flush to the outer face of the upper carriage. alignment. Degrease all of the parts. 

Spot through, then drill and tap for No. 6-32. AHCS. 
Repeat the process for the three other carriage guides. 
Move the spacer and rotate the carriage as required to 
assure proper alignment. Be sure to mark all parts for 


Assemble the upper and lower slides (Detail 28 and 29) 
in proper position with the adjuster brackets (Details 
33A and 33B). Adjust the lock nut on the track adjuster 


SSS FE 
Zs 


Dp 


WA 


VeMIOE) 


Nl FSS 


H \\ 


QOS) CICK) 
Loli 


Figure 3 
CARRIAGE ASSEMBLY 
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Figure 4 


1-1/2 


COVER CLAMP 


mat'l - steel 
3 required 


1/2 typ 
2-3/4 


= 


(Detail 26) so a 1/4-20 screw enters 
through the adjuster bracket and into 
Detail 29 completely for now. This 
will be adjusted later when the 
sanding belt is installed. Assemble 
track adjuster (Detail 27) through 
adjuster bracket (Detail 33A) and into 
the slide assembly (Detail 28). Adjust 
the lock nut so that the rod is free to 
rotate with no endplay. Perform any 
rework or adjustment necessary to 
assure that both tracking assemblies 
move freely. 


Assemble the idler shaft (Detail 22) 
through the slot in the upper carriage 
and through the slot in Detail 29 and 
press the 3/16 x 1-1/2" dowel in 
place in the lower slide (Detail 28). 


Temporarily install the drive shaft. 
Remove the AHCS holding the 
support column to the lower carriage 
and replace with the crank mount 
(Detail 34). Align per print by 
adjusting the position of the 1/4-20 
stud. Assemble the backer plate 
(Detail 32A) and backer plate mount 
(Detail 32B) to the upper carriage 
(Detail 18). 


Temporarily install the drive drum 
(Detail 30) and clamp with a 
setscrew. Leave four ball glide mount 
(Detail 11) assemblies at the back end 
but remove the four other assemblies. 
Leave all mounting screws loose. 
Temporarily align the ball glide 
mount assemblies in the vertical 
position to the base by using a 
combination square. Tighten the 
screws on the sidewalls but leave 

the ball glides lightly clamped. Place the carriage inside the 
housing with the ball glides against the two V-guides 
(Detail 20) and rest it on the stop (Detail 13). Lightly clamp 
the carriage to the upper and lower ball glide mount assem- 
blies. Adjust all four items and clamp securely. Use .003" 
shim stock to check for good contact of the ball to the 
V-ways. Assemble the next four glide assemblies with loose 
screws. Press the glides against the V-ways and securely 
clamp all screws again using .003" shim stock to assure the 
carriage can move up and down freely with no side play. 


FINAL ASSEMBLY: 

Mount the drive motor with the sprocket attached. The 
motor I chose had a protrusion at the bottom that fits into 
the recess in the motor mount (Detail 9). The upper motor 
body is captured by the upper motor mount (Detail 16) 
which is mounted and screwed to the pine supports on 
both sides. The motor is clamped in place with the four 
modified brackets (Detail 46). 
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Install the idler sprocket arm 


(Detail 14). Install the drive shaft BILL OF MATERIALS — Oscillating Edge Belt/Spindle Sander 
(Detail 21) as follows: push the No. | NAME MATERIAL SIZE | 
shaft down through the drive collar Main B 3/4" x 18" x 21" 1 
(Detail 45), through the bearing in une a us eg 

the upper carriage, through the 2 | Left Side Plywood 3/4" x 11-7/8" x 18" 1 
large sprocket (with chain wrapped Pine 3/4" x 1-1/2" x 5-3/8" 2 
around sprocket), collar, through —.. | 5 nett s ——\.. 1] 

the bottom bearing in the lower Pine 3/4" x 1-1/2" x 11-7/8 | 
carriage and the bottom collar. 3_| Right Side 3/4" x 11-7/8" x 18" 
Push all the way to base. Install the i " " M" 

key (Detail 25) in the slot and raise Eos Sg) SI aE z 


— 


3/42-x/ 2h xe 778" 


sanenie er, oe 


5 Rear Panel Plywood 1/4" x 13" x 13-3/8" 1 
Pine 3/4" x 3/4" x 11-7/8" ] 


the sprocket to engage with the Pine 
key. Hold the sprocket up against 
the top bearing in the sprocket 

guide (Detail 24). Install the lower 
bearing and install the drum. The 


shaft should protrude 1/16" above 


4 | Front Panel Plywood 


the top of the drum. Add the collar 6 __| Extension Pine 3/4" x 1-1/2" x 11-7/8" 2 
oe Pine 3/4" x 1-1/2" x 15" 1 
7 | Top, Table Plywood, Birch | 1/2" x 18" x 21" 1 
Pe 3/8" x 4" x 18" 
Pine 3/8" x 3/4" x 6-3/4" 2 
Dajte Switch Mount Pine 3/4" x 5" x 6" | ie 
Motor Mount 3/8" x 4" x 4" 1 


Side Support Angle Iron 1/8" x 1-1/2" x 1-1/2" x 13" 
‘| Mount, Ball Glide | Angle Iron 1/8" x 2" x 2" x 3" 
Mount, Sprocket | Angle Iron 1/8" x 1-1/2" x 1-1/2" x 2" 


8 
9 
10 
i 
12 
1/8" x 1-1/2" x 1-1/2"x4" | 2 
14 


Sprocket, Arm CRS VArx T72° 1" 1 


(42) COVER CLAMP 
mat'l - steel angle 
1 required 


Press fit 


10-32 tap .375 dia ream 
for setscrew 


ECCENTRIC 


mat'l - aluminum 
1 required 


This left side view shows the tracking adjusters. 
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at the lower end of the shaft push- 
BILL OF MATERIALS — Oscillating Edge Belt/Spindle Sander — Cont. ing it up against bearing head. 


NO [Nan ———~WARALseSSCS~* Wrap the chain around the motor 
15 VA" x 11/2" x 1-1/2" 1 sprocket. Mark the link that will 


just engage without being too tight 
16 | Mount, Motor [Pine | 3/4" x 8.5/8" x 11-7/8" 1 and remove the chain. Grind the pin 
iz [\Caiieae, Bott Al 3/8" x A" x 11-1/2" 1 ends, remove the link and install a 
age ae Mave us master link. Remove the drive shaft 
18 | Carriage, Top Alum 3/8" x A" x 11-172" | and the lower bearing on Detail 24. 
19 | Support 1-1/8" dia x 6" 1 Put the chain around the 3" sprocket 
; ; 5 camps ae z and re-assemble the drive shaft per 
| 20 | Guide, Carriage _| Angle Iron 3/16" x I" x1" x 7-1/2 4 the above instructions. Install the 
21 | Drive Shaft Drill Rod 500" dia x 13-3/8" Es idler arm at the mid point of 
bears Dril 500" di “4 7AN adjustment. Put a 3/8" x 1-1/2" 
29 | Idler She rill Rod 500" dia x 11-1/4 ee eae 
23 _| Crank Alum 3/8" x 3/4" x 2-7/8" 1 sprocket and the spacer (Detail 15). 
24 | Guide, Sprocket | Alum 3/8" x 1-1/4" x 3-1/2" 1 Place the sprocket assembly on the 
Alum 3/4" dia x 1" 9 idler arm, engage with the chain, 
: ; and move towards the chain to 
2S | Key CRS 1/8" x 1/4" x 2-3/8" adjust tension. Mark the position 
26 | Track Adjust Thd Rod 1/4-20 x 3-1/2" 1 then remove and center punch, drill 
27 | Track Adjust __| Car Bolt 1/4-20 x 3-1/2" and ream a 375" diameter hole. 
Mount the idler arm, with the 
28 Slide, Lower Angle Iron 1/8" xs LX 3" sprocket assembly in place, adjust 
CRS 1/2" x 1/2" x 1" 1 for proper chain tension and secure 
; with two AHCS and fender washers. 
CRS 1/2" dia x 1/2" ] isie'th if 
; iakatn f Assemble the oscillating motor to 
ZG> | Retains CRS V8" x I" x 3-1/2 2 the mount then mount the eccentric 
28C | Spacer 1/8" x 1/2" x 3-1/2" 2 (Detail 43) on the motor shaft. Raise 
Bracke CRS 1. 1.1 /aly 9.1/9", 9.9740 the carriage and install the crank 
| 29 | ee EBS Eee ene eee (Detail 23) on the dowel pin. Slide 
Lo tee Gee 3/16" x 1" x 2-3/4" 1 the motor in place by engaging the 


298 |Resiner _cts_ 1/8" x 1"x 3" 2 pin on the eccentric with the lower 


2 bearing on the crank. Screw the 
2 motor to the base. Mount the 
junction box next to the motor 


2 3/16 dia 
4 places 


Opening and 
mounting 

holes to suit 
your motor. 


MOTOR MOUNT 


mat'l - steel angle 
1 required 


of a sanding belt. 


ly for in 


Lame oh Some ll 
This top view shows the sanding drums 
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1/4 4/2 
10-32 tap 
DRIVE COLLAR 
mat'l - CRS 
1 required 
3/16 dia 
3 places 
red 
1/2 
1/4--| 3/4 sia 


faall rll 


1-5/8 
2-1/8 


Note: 
Dimensions may be altered 
to suit your motor. 


(46) MOTOR BRACKET 
mat'l - steel 
4 required 


for wire termination. Install the 
electrical box in the front panel 
and wire the unit per Figure 5. 


Install the dust shields as shown in 
the photos. Install the back panel 
(Detail 5). Install the top (Detail 7) 
and mount it to sides with wood 
screws. Install the sanding belt and 
adjust tension and tracking using 
the adjusters. Be careful that the 
track adjuster (Detail 26) does not 
interfere with the idler shaft. 


To convert the belt sander to a 
spindle sander, proceed as follows: 


Rotate the track adjuster (Detail 26) 
one turn counter-clockwise and 
remove the sanding belt. Release the 
setscrew and remove the drive drum 
(Detail 30). Install a rubber spindle, 
with sanding sleeve, onto the drive 
shaft. Install a 1/4-20 x 3/4" AHCS 
with fender washer and clamp to 
expand the spindle. Remove the 
backer plate if necessary. 
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BILL OF MATERIALS - Oscillating Edge Belt/Spindle Sander - Cont. 


No. _| NAME MATERIAL © | SIZE amit | | 
30__| Drum, Drive 
a ee ee) 
ar is 1/2neraeiaiion | 
1-1/2" ID x 1-7/8" OD x 3- 3/8" 
1-1/2" dia x 1-1/4" 
1-1/2" dia x 5/8" 
32A | Backer Plate 1/4" x 3-1/2" x 5-3/4" 


32B | Backer Plate Mount | Angle Iron 1/8" x 2" x 2" x 4-1/2" la § 
33A | Adjuster Bracket | C 1/2" x 1" x 23/4" 


RS 
Adjuster Bracket | CRS 1/2" x 1" x 2-3/4" 
Mount, Crank 3/8" x 3/4" x 13/16" 


CRS 

Guide, Miter 1/4" x 3/4" x 7/8" x 18" 

36 | Grommet 3/8" ID x 1/2" OD x 3/4" 

| 37 | Motor Shield | Alum tim 9s/a"xurisyiet |_| 

| 38 |Top shield [Aumtim | 133/8xi94/a" | 

| 39 [tower Shield | Alumtim | 2a/arxen ft 

3/32" x 1-1/2" x 1-1/2" 

1/8" x 1-1/2" x 1-1/2" 1-1/4" 

ASG, e688 1-1/2" dia x 1/2" _ 
4 


46 1/8" x19 2" x 3" 


Having been converted to an oscillating spindle sander, the sanding drum is clearly 
accessible. Note the backer plate has been removed. 
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No. | NAME ary. [ No. | NAME ary. 
Purchase/Hardware Purchase/Hardware Cont. 
M, Drive Motor 1 P Dowel Pin - 1/4" diameter x 1-1/2" long ] 
1/4 or 1/3 HP, 110VAC, 1725 RPM Motor R Stud — 1/4-20 x 1" long 1 | 
M, eran pee i S | Stud - 10-32 x 5/8" long 2 
ear Motor, " 
HI@VAC “10. in/lbe Tataue, T 1/4-20 x 3-1/2" threaded rod ] 
Surplus Center # 5-1110 or equivalent 1 U 1/4-20 x 3-1/2" carriage bolt 1 - 
A |. Solid Steel Ball Glides, V__|_.375" x 1.500" dowel | 
1.0" dia Transfer Ball, WwW .250 x .75" shoulder bolt ] 
Woodworkers Supply #853-763 8 
4 Fasteners 
or equivalent 


G)i.o 


Sprocket, 1/4" Pitch, 20T, type B 2 eee. INS | 
10-32 x 3/8" FHMS Z 
Sprocket, 1/4" Pitch, 44T, type B ] 


|_| 10-24 x 1-1/2" RHMS 28 


D Chain, 1/4" Pitch, 26" long with master link 1 10-24 x 1/2" RHMS 16 
E Knob, 1/4-20 internal thread 2 | 632 x 1/2" AHCS 8 | 
Oilite Sleeve Bearings = A a7 o/e RNG ie | 
| 1/4" ID x 3/8" OD x 3/8" long 2 at 10-32 x 1/2" AHCS 7 
G 1/2" ID x 5/8" OD x 1/2" long-w/head | 4 1/4-20 x 3/4" AHCS 1 
H 1/2" ID x 3/4" OD x 3/4" long - w/head | 1 10-32 x 5/8" Button Head Screw 2 
J 3/8" ID x 1/2" D x 3/4" long - w/head 1 8-32 x 1/2" RHMS 8 
K Ball bearing with shield, 2 1/4-20 x 1-1/4" HHB 2 
3/8" IDx 1" OD x 5/16" wide 174-20 x 1" HHB 1 
L Collar - 1/2" ID x 1" OD x 1/2" w/setscrew}| 3 1/4-20 x 1/2" RHMS 8 
M Roll Pin - 3/32" diameter x 3/4" long 1 1/4-20 Lock Nut 4 
N Dowel Pin - 3/16" diameter x 1-1/2" long ] 1/4-20 x 3/4" AHCS ] 


1/4" Fender Washer 3 
Oscillating motor Drive motor Nie. 10 tandde Washer 28 
Electrical 


Junction Box 1-1/2" x 2-1/2" x 4-1/2" Plastic 1 


Electric Box ] 
Switch ‘ 2 | 
Cord with plug - 3 Conductor 12 Ft 
SW Cover 1 
Cord, Wire - 3 Conductor 6 Ft. 
Rubber Spindle - Sears/Craftsman, # 928120 
140 UNC 1-1/2" x 4-1/2" ] 
Cloth Sanding Sleeves - Sears/Craftsman = 


Figure 5 1-1/2" x 4-1/2" Various Grit AR 
WIRING DIAGRAM [ee | 
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Three-Axis 
Wood Mill 


hen I first decided to build this unit, it was 
VV suppose to be a very simple planer. Using a 

three position, four-inch diameter carbide fly 
cutter, a four-inch wide feed belt with spring loaded 
pressure rollers, and a slow speed feed motor, I planed 
a large number of rough 1" x 4" x 6-foot boards. This 
was an excellent project to keep me busy during a very 
cold and snowy Rochester, NY, winter. A few months 
later, I constructed a twelve-inch wide planer from 
Wood Met Services, Plan No. 123. A four-inch diameter 
by twelve-inch wide drum sander looked like another 
good project to tackle, so the belt, drive motor and 
rollers were utilized on that job. Since I had put a lot 
of effort into the original small basic planer, I could 
not let it go to waste and decided to modify it for other 
jobs. From there it just grew and grew. 


CART 

Because my shop area is fairly ated it was decided a 
cart on casters would be the best bet for storage and to 
help ease the construction process of the planer itself. 
The only cart dimension shown is the height, since the 


1/4-20 t-nut 
(2) opp. side 
item #5 


wW 
Oo 


CUTTER MOTOR 
ASSEMBLY 
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MOTOR ASSEMBLY 
(LESS MOTOR) 


SECTION A-A 


1 
A— 


Parallel 
within .005—7 


BASIC CUTTER DRIVE MOTOR SUPPORT 
STRUCTURE ASSEMBLY 
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1/2 SLOT 


UPRIGHT 
mat'l-3/4 plywood 
1 required 
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fabrication is pretty straightforward. It is made 
from 2 x 4s, has a doubled 3/4" x 24" x 24" 
plywood tabletop and four casters (Details 1 
through 5 and 9 through 11). Detail 6 and Detail 
7 are cut to size and mounted on the tabletop as 
shown. Detail 8 (2) brings the top of the “bed” 
flush and level. Use flat head wood screws to 
hold all of the details in position. 


Cut Detail 12 and Detail 13 (2) to size on a 
table saw. There is no drawing for Detail 13, 
as it is simply a piece of pine of the dimensions 
in the bill of materials. Use a router and guide 
strip to machine the 1/2" slot in Detail 12. 
Cut out the 1/2" by 1.0" notch. Square up the 
ends of Detail 14 in the mill or with a sander. 
Lay out and add the holes. Lay out, add holes 
and slots to Details 15 through 20 and Detail 
99. Mount Detail 13 (2) to Detail 12 using 
twelve FHWS and holding the 18" dimension. 
Temporarily mount this assembly on the bed. 
Keep the back edges of Detail 13 3/8" in from 
the edge of Detail 6. 


#10-24 tap 


17/64 drill & c'sink for 
1/4 fl hd scr 
(5) holes 


Countersink one part 
opposite side 


3/4 


yee 


3 
GUIDE 


mat'l-CRS 
2 required 


Temporarily lay the support (Detail 15) and 
brackets (Detail 105) in position. Transfer 
the hole positions to Detail 6 and Detail 13. 
Remove Detail 6 then drill and tap the eight 
1/4-20 holes in the plate. Drill four 17/64" 
diameter holes in Detail 13. Mount the 
Detail 14 (2) pieces onto Detail 12, holding 
the outer edges parallel to each other and 
perpendicular to the bed. Spot the ten holes 
and drill 17/64 diameter holes in Detail 12. 
Mount Details 14. 15, 16, 20 and 105 using 
1/4-20 x 1-1/2" FHMS and 1/4-20 x 1-1/2" 
HHB. Temporarily mount this assembly to 
the bed using eight 1/4-20 x 3/8" HHB and 
washers. Clamp the upper end of Detail 18 
(2) to Detail 16 and the lower end to Detail 
17 (2). Spot the holes from Detail 17 to 
Detail 6. Remove Detail 6, drill and tap four 
1/4-20 holes. Drill and tap a 1/4-20 hole for 
Detail 48. Remount the entire assembly to 
the bed. Install Detail 19 with four No.10 
x 1" RHWS. 


Machine both ends of Detail 21 and Detail 
22. in the mill. Lay out, drill and tap all 


holes. Lay out and add the holes to Detail 23. 


Square up Detail 24 in the mill. Clamp the 
two pieces together, add all of the holes and 
countersinks, and bore the .500" diameter 


thru = 


17/64 drill thru 


SUPPORT 
mat'l - 1/8 x 1-1/2 x 1-1/2 steel angle (8) holes 
1 required 


17/64 drill thru 
(4) holes 


13/16 


(16) BRACKET,UP 
mat'l-1/8 x 1-1/2 x 1-1/2 steel angle 
2 required 


1-1/4 


17/64 drill thru 


¢ (5) holes 


BRACKET,LOW 


mat'l-1/8 x 1-1/2 x 1-1/2 steel angle 


2 required 
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17/64 drill thru 


1/4x1 slot 


a 


24 


(18) SUPPORT , ANGLE-A 
mat'l-1/8 x 1-1/2 x 1-1/2 steel angle 
1 required as shown 
1 symmetrically opposite 


#8 drill thru 
(10) holes 


#8-32 tap thru 
(2) holes 


3/16 5/8 


(19) SUPPORT,SPAN 
mat'l-3/16 x 2 x 2 steel angle 
1 required ~ 


#10-24 tap thru 
(2) holes 


9/32 drill thru 
(6) holes 5/8 dia. 
typ. 


#8 drill thru 
(2) holes 


(20) BRACKET, -Z- AXIS 
mat'l-1/4 x 3 x 3 steel angle 
1 required 


hole for the press fit of the Oilite sleeve bearing. Cut 
Detail 26 to size on the table saw, lay out and drill all 
of the holes. 
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3/8-16 tap 
#8 drill thru 
(2) holes 


une 3/8 


1/4-20 tap 
(2) holes 


MOUNT , UP , SLIDE 


MOUNT , LOW, SLIDE 


mat'l - CRS mat'l - CRS 

1 required 1 required 

A= 3/8-16 tap A= 1/2 dia. 

B= #10-24 tap B= none 
(2) req'd. 


Make Detail 27 by forming the end over a 1/4" diameter 
rod and then add the mounting hole. 


Drill holes in Detail 28 per the drawing. The part 
should match up with Detail 23. 


Begin the lead screw (Detail 29) by adding the 3/8-16 
thread to the blank rod. Mount Detail 30 in the lathe 
collet, drill, and ream the .375" diameter center hole. 
The dimensions for Detail 30 are on the drawing for 
Detail 29. Assemble the collar (Detail 30) to the lead 
screw, drill and ream for a 1/8" dowel pin and press 
the pin in place. 


3/4 
1-1/8 7-3/4 
5/8 
(23) GUIDE , SLIDE 
mat'l-1/8 x 1-1/4 x 1-1/4 steel angl 
2 required 


piece 1 = as shown 


1/4 id. 3/16 dia. thru 


9/32 drill thru BP 


(4) holes 


1/16 JL 
jak 


ie 


a tT 


dia. 


PULLEY , ASS'Y. 
mat'l - drill rod, CRS 


piece 2 = dimensions start at A 1 required 
3/8 i.d ¢ #8 drill thru A 
oilite ah (2) holes ng ive 
bearing ref. 
ie 1-3/4 7 


17/64 drill & c'sink 
for 1/4 fl hd scr 
(2) holes 


(24) BEARING BLOCK-A 
mat'l - aluminum 
2 required 


17/64 drill thru 
(4) holes 


1/2 
typ. 


5/16 drill thru 
(4) holes 


4-1/8 
10-1/2 


ee Se 


1 required 


Add holes to Detail 31 and tap for 


6-1/4 17/64 drill thru 
(2) holes 
(28) MOTOR SUPPORT 
mat'l - 1/8 x 1-1/2 x 1-1/2 steel angle 
2 required 
piece 1 = as shown 
piece 2 = dimensions start at A 
1/4-20 #8 drill 3/8 dia. 


ers 6-3/4 
caer REI 5) 
Tal 


oa 


CRANK , HANDLE 
mat'l - CRS 
1 required 


(26) MOUNT , MOTOR 
mat'l - 3/4 hardwood 


3/8-16 thread 
both ends 


the handle bolt. Place the handle 
blank (Detail 32) in the lathe 
collet. Drill the 1/4" diameter hole 
through. Remove and mount the 
piece on a 1/4" diameter mandrel. 
Mount the part in a 1/4" collet and 
turn the outside contour per print. 


© 


(29) LEAD SCREW 
mat'l - CRS 
1 required 
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BILL OF MATERIAL 


NO. NAME MATERIAL SIZE | 
QTY 
1 Cartcomponent Pine 2" x 4" x 25" 4 
2 Cartcomponent ‘Pine 2" x 4" x 24" 4 
3 Cartcomponent ‘Pine 2" x 4" x at" 4 
4  Cartcomponent ‘Pine 2" x 4" x 24" 4 
5 Cartcomponent _— Plywood 3/4" x 24" x 24" 2 
6 _Bed plate CRS 1/4" x 17-1/2" x 18" 1 
7 Plate CRS 1/4" x 5-1/2" x 24" 1 
8 Cartcomponent — Plywood 1/4" x 3-1/4" x 18" 2 
9 = Cart Plywood 5/8" x 17" x 24" 1 
10 Angle Bracket Steel 1/2' x 3 x 3 4 
11 Casters, Locking 3" wheel 4 
12 Upright Plywood 3/4" x 24" x 24" 1 
13 Side Pine 3/4" x 5-1/2" x 24" 2 
14 Guide CRS 3/8" x 4" x 24" 2 
15 Support Angle lron = 1/8" x 1-1/2" x 1 
1-1/2" x 16" 
16 Bracket, Up Angle Iron 1/8" x 1-1/2" x 1-1/2"x 3" 2 
17 — Bracket, Low Angle lron 1/8" x 1-1/2" x 1-1/2"x 6" 2 
18 Support, Angle-A Anglelron 1/8" x 1-1/2" x 2 
1-1/2" x 24" 
19 Support, Span Angle lron 3/16" x 2" x 2" x 18" 1 
20 — Brkt, -Z- Axis Angle Iron 1/4" x 3" x 3" x 10" 1 
21 Mount, Up, Slide CRS 1/2" x 1-3/4" x 8-1/2" 1 
22 Mount, Low, Slide CRS 1/2" x 1-3/4" x 8-1/2" 1 
23 Guide, Slide Angle Iron 1/8" x 1-1/4" x 1-1/4" x 10" 2 
24 Bearing Block-A Alum 1/2" x 1-3/4" x 3" 2 
25 See Gears 
26 Mount, Motor Hardwood 3/4" x 7-1/4" x 10-1/2" 1 
27 ‘Pulley Assy, A CRS 1/16" x 1/2" x 3" 2 
Drill Rod 1/4" dia x 4" 1 
28 Motor Support Angle Iron 1/8" x 1-1/2" x 1-1/2" x 10" 2 
29 Lead Screw CRS 3/8" dia x 18" ; 1 
30 Stop, L.S. CRS 7/8' dia x 1-1/2" 1 
31 Handle, Crank CRS 3/8" X 3/4" x 6-3/4" 1 
32 Handle Phenolic 3/4" dia x 2-1/2" 1 
33 Slide CRS 1/4" x 5" x 8-1/2" 1 
34 — Brkt, Motor Angle Iron = 1/8" x 1-1/2" « 1-1/2" x 7-1/2" 1 
35 Motor Mount, Assy CRS 1/4" x 4' x 5" 1 
35A Aluminum = 1/2" x 5/8" x 4" 1 
35B Aluminum = 1/2" x 1-11/16" x 3" 1 
36 Cable Clamp CRS 5/8" dia x 1.0" 2 
Drill Rod 1/4" dia x 3° 1 
37 Motor Mount Pine 3/4" x 7-1/4" x 7-1/2" 1 
38 Bearing Block-B_ = Aluminum = 1/2" x 3" x 7-1/4" 1 
39 Support, Angle-B CRS Channel 1/16" x 1/2" x 1" x 11-1/2" 2 
40 Support, C Angle lron = 1/8" x 1-1/4" x 1-1/4" x 8-3/4" 2 
41 See Gears 
42 See Gears 
43 Bearing Block Aluminum — 1/2" x 3° x 3" 1 
44 Holder, Cutter CRS 1.0" dia x 4-1/2" 1 
45 Pulley Assy B Angle Iron = 1/8" x 1-1/2" x 1-1/2" x 1-1/2" 2 
Drill Rod 1/4" dia x 2" 1 
46 Clamp Bolt Aluminum = 1/4" x 1" x 2" 2 
47 Guard, Gear Aluminum = 1/16" x 2-1/2" x 5" 1 
48 — Spring Holder CRS 1" x 1-1/4" x 1-1/8" 1 
49 Indicator Mount Pine 1-1/4" x 1-1/2" x 11" 1 
50 Scale Phenolic 1/8" x 1-1/4" x 11" 1 5 
Scale, 5/8" wide x 8" 1 
Self Adh : ‘ 
si Pointer ARs Aluminum 4/2" x 3/4" x 3/4" 1 Machine the ends, or sand, for Details 33, 34 and 35 
Aluminum 1/16" x 4/2" x 2" { and then add all of the holes as required. 
52 Cable & Sleeves Braided 1/16" dia x 24" 1 Detail 36 is machined from 5/8" rod stock and a connecting 
Gable 2 1/4" diameter rod that captures the tension spring. 
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1/4 dia. 2 3/8 dia. 
tu eae of 412 
(2) holes 7/8 | 5-3/4 
3/4 
17/64 drill thru 
1-1/4 +\~ 5 (4) holes 
3/4 
Bi L BRACKET , MOTOR 
1/4 mat'l - 1/8 x 1-1/2 x 1-1/2 steel angle 
1 required 
#8 drill thru 
HANDLE mat'l - CRS {1 oe 
mat'l - phenolic 1 required 
1 required Me 


Cc 
us epee 3/4 Be ar ae 7 
= Se 


CABLE CLAMP 658) CABLE CLAMP 

mat'l - aluminum mat'l - aluminum 

y 1 required 1 required 
4 C=4 C=3 

D=3 D=2 

2 E = 5/8 E =1-11/16 
3 

t 3/16 
1 1/4 1/16 dia. thru 
ry dia. (2) holes 


1/4 dia. thru-. #10-24 tap 


2-5/8 #8 drill thru 5/8 dia. 
1/2 typ. (8) holes aes beat 
MOTOR MOUNT, ASS'Y. alle, LS 
mat'l - CRS 3/8 oe ou 


1 required 


(36) CABLE CLAMP 
mat'l- CRS & DRILL ROD 
17/64 drill thru 2 required 


(6) holes 


7/32 drill thru 
(4) holes 


/16 


17/32 [a] 
21/32 ee | 34 


1-15/16 
4-1/2 


7-1/2 


MOUNT , MOTOR 
mat! - 3/4 pine 
1 required 
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17/64 drill thru 
(4) holes 


7/32 drill thru 
(4) holes 


1-15/16 (38) BEARING BLOCK - B 


mat'l - aluminum 
1 required 


A= press fit bearing 


3/16 drill thru 3/16 x 1/2 slot 


17/64 drill thru 
(4) holes 


41-1/2 ————, re 
. SUPPORT , ANGLE -B 
(40) SUPPORT -C mat'l-1/16 x 1/2 x 1/2 x 1 steel angle 
mat'l - 1/8 x 1-1/4 x 1-1/4 steel angle 2 required 
2 required 
piece 1 = as shown c 500 dia. 
piece 2 = dimensions start at A 1/2-20 thread  .500 dia. 1/4-20 tap (2) holes ‘ream 
1.0 deep 


1/4 her Ae dia. 


(44) HOLDER , CUTTER 
#10-32 tap Cece CRS 


1 required 
7/32 dia. thru 7/16 


(4) holes 
5/8 
5/8 #8 
drill 


naasrlee 
1-3/8 
: TT thru eal 2 ices 
ys am 
3/4 1 
Ve ete 5/8 dia. Ts coal saye £ tl 
(43) BEARING BLOCK K-1—+| 


#8 drill thru (4) holes 


= 
ss 


=i 1-1/2 


mat'l - aluminum (45) PULLEY ASS'Y. B 

; CLAMP BOLT 
1 required (48) mat'l - aluminum mat'l-1/8 x 1-1/2 x 1-1/2 steel angle 
A= press fit bearing 2 required 1 required 
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ASSY 
Main Base 
and Vertical 
Structure 


Item 11 


Item 10 


Y-Axis 
Complete 


X-Axis 
Assembly 


TYPE 
Lag Screw 


Flat Head Mach Screw 


Hex Head Bolt 


Rnd Head Wood Screw 
Nut, Lock 
Nut 


Tee Nut 
Flat Head Wood Screw 
Rnd Head Mach Screw 


Socket Head Cap Screw 


Fender Washer 
Knob 

Tension Spring 
Casters, Locking 
Pulley 

Truarc Ring 
Angle Brackets 


Spherical Bearing 

Oilite Sleeve Bearing 
Hex Head Bolt 

T-Nut 

Rnd Head Wood Screw 
Flat Head Wood Screw 
Socket Head Setscrew 
Roll Pin 

Socket Head Cap Screw 


Rnd Head Mach Screw 
Hex Head Bolt 
Flat Head Mach Screw 


Rnd Head Mach Screw 


SIZE 

1/4" x 3/4" 

1/4" x 1" 
1/4-20 x 1-1/2" 
1/4-20 x 1" 
1/4-20 x 1-1/4" 
1/4-20 x 3/4" 
1/4-20 x 2" 
1/4-20 x 1-1/2" 
1/4-20 x 1/2" 
#10 x 3/4" 
3/8-16 

#10-32 

1/4-20 

#10-24 

1/4-20 x 1/2" 
#8 x 1-1/4" 
#10-24 x 3/4" 
#10-24 x 1/2" 
#10-24 x 2-1/4" 
#10-24 x 1" 
1/4-20 x 3/4" 
1/4-20 x 1-1/4" 
#10-32 x 1/2" 
1/4" 

1/4-20 x 2-1/2" Stud 


3/4" 0D x 1/16" Wire, 6" Lg 


3" dia Wheel 

1.0" OD, 1/4" ID, 3/8" W 
1/4" ID 

1/2" x 3' x 3" 


3/4" dia 


5/8" ID x 3/4" OD x 1"Lg 


1/4-20 x 1-1/4" 
#10-24 x 3/4" 
#10 x 1-1/4" 
#8 X 1" 
#10-32 x 1-1/4 
3/32" x 3/4" 
#10-32 x 1/2" 
#8-32 X 3/4" 
#10-32 x 1/2" 
#10-24 x 3/4 
#10-32 x 1/4" 
1/4-20 x 1" 
#10-32 x 3/4" 
#10-24 x 3/4" 
#8-32 x 3/4" 
#10-24 x 5/8" 


HARDWARE 


QTY 
6 
4 
10 
12 
2 
18 


= 
RPNY 


Moving on to the mounting of the cutter motor, Detail 
37 is the spacer for the cutter drive bearing assembly. 


Cut the blank to size on the table saw and add all of 
the holes per print. Lay out Detail 38, set up in the 


mill and machine the 3/8" x 11/16" area at both ends. 
Finish bore for the particular bearing used and add the 
rest of the holes. Set up in the mill, machine the slot 


and add the hole to Detail 39. Lay out and add the holes 


to Detail 40. Square up Detail 43 in the mill, bore for 


the particular bearing used, and add the four holes. 


For the cutter holder, Detail 44, place a piece of 1" 


diameter stock in the lathe collet and center-drill both 
ends. Support one end with a live center, turn the .500" 


ASSY TYPE SIZE QTY 
Socket Head Cap Screw = 1/4-20 x 1" 
#8-32 x 3/4" 
Hex Head Bolt 1/4-20 x 1/2" 
Washers #10 
Rotary Table Hex Head Bolt 1/4-20 x 1/4" 
Rnd Head Mach Screw #10-24 x 3/4" 
#10-24 x 1-1/4" 
Nut 3/8-16 
Chain 3/8" Pitch x 35" Long 
Bearings 
TYPE SIZE QTY 
Oilite Sleeve 3/8" ID x 1/2"0D x 1.0" 1 
3/8" ID x 1/2"0D x 1/2" 2 
3/8" ID x 1/2"0D x 5/8" 1 
5/16'ID x 7/16'OD x 1.0" 1 
Oilite Sleeve w/Hd 5/8" ID x 3/4"OD x 1.0" 1 
Ball Bearing 1/2" ID x 2'OD x 3/8" 2 
Washers 1/4" 45 
Gears 
X-Axis Det 66 Drive 1-7/8" 5/16" 3/8" 3/16" 1 
Det 65 Driven 2-1/4" 3/8" 3/8" 3/16" 1 
Y-Axis Det 86 Drive 1-3/8" 5/16" 3/8" 3/16" 1 
Det 85 Driven 4" 3/8" 3/8" 3/16" 1 
Z-Axis Det 99 Drive 1-3/8" 3/8" 1/4" 3/32" 1 
Det 25 Driven 5-1/2" 3/8" 1/4" 3/32" 1 
Cutter Det 41 Drive 3 1/2" 1/2" 3/16" 1 
Det 42 Driven 2" 1/2" 1/2" 3/16" 1 
Rotary _ Det 92 Drive 7/8" 5/16" 1/4" 1/8 1 
Det 90 Driven 1-5/8" 5/16" 1/4" 1/8 1 
Rotary —_ Det 91 Drive 1-1/2" 5/16" 3/16 3/8" 1 
Sprocket Det 100 Driven 7-3/8" 5/8" 3/16 3/8" 1 
Motors 
Cutter 1/3 HP 1725 RPM 
X-Drive Molon QHM-60386-1 400 RPM 
Y-Drive Bodine NCC1-11RS2 72 RPM 
Z-Drive Matsushita 4FCG-30D-30 55 RPM 
Rotary Table Oriental 4RU2OGA-AA 
1500 RPM w/Gear Box and Chain Drive 
= 2-3/4 RPM at Turntable 
Vendors: 
American Design Components, 6 Pearl Court, Allendale, NJ 07041 
Surplus Center, 1015 West “O” St., PO Box 82209, 
Lincoln, NE 68501-2209 
Northern Tool, PO Box 1499 Burnsville, MN 55337-0499 
Kitts Ind. Tools, 22384 Grand River Detroit, Ml 48219 
Wood Met Services plans are available from Blue Ridge Machinery 


diameter, and add the 1/2-20.thread. Mount the piece 
in a 1/2" collet then drill and ream the .500" diameter 
hole. Drill and tap the two 1/4-20 setscrew holes. 


Make the pulley assembly, Detail 45, from two pieces 
of angle iron, 1/4" diameter rod, two small cotter pins, 
and a pulley. 


The bolt clamps, Detail 46, are used to prevent the 
hex head bolts from turning. Details 47 through 51 are 
fairly simple parts to fabricate. Detail 52 is made from 
braided cable and two sleeves. The scale on Detail 50 
is the press-and-stick type. 
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3/16 drill 


thru _] 


2-1/2 


~—_——— 3-5/8 


=— 1-5/8 oa] 


drill & c'sink for 
1/4 fl hd ser 
Mp. (2) holes 


(49) INDICATOR MOUNT 
mat'l - pine 
1 required 


: 
eu GUARD , GEAR 


mat'l - aluminum 


1 required 
3/4 
A 
17/64 drill 414 31 
thru | 4-1/4 | 
1/4-20 tap 


thru 718 
f— 3/16 


Fa wie i 


SPRING HOLDER 


mat'l - steel 
1 required 


Z-AXIS ASSEMBLY 

Assemble Details 21,22, 23, 26, 27, 28, 34, 36 through 
45 and 49 per the drawings and photographs. 
Temporarily mount this assembly with the slide 
guides, Detail 23, straddling Detail 14. Move the 
assembly up and down through the full travel and be 
sure it slides freely with no side play. Adjust Detail 14 
by shimming or removing material to achieve this 
condition. Thread Detail 29 into Detail 21 and 22 about 
half way. Place a wooden support stand under Detail 40 
to hold the assembly near the top position as you place 
Detail 29 up through the hole in Detail 20 (remove 
Detail 24 first). Hold the assembly in position and 

add Detail 33. Adjust the hex bolts so there is no 
chucking and the assembly moves freely for the full 
travel. Install Detail 46 and Detail 48. Turn the lead 
screw until Detail 30 seats against bottom surface of 
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1/8 x 1-1/2 slot (2) 


SCALE 


mat'l - phenolic scale 
self-adheshive 
1 required 


#8-32 tap 
thru to slot 


a aia 


‘a a 3/16 af 
3/16 


zi 
oe eee 


2 | 


3/8 dia. eye 


Laat Y eT erat 


1) POINTER ASS'Y. 
mat'l - aluminum 
1 required 


CABLE & SLEEVES 
mat'l - braided cable 
1 required 


Detail 20. Install Items 24, 25, 31, and 32, spacers, and 
nut. Make sure the lead screw is captured correctly by 
adjusting the 3/8-16 locknut. Install the tension spring 
and Detail 52. Anchor the bottom end at Detail 48, 
then thread up and over the pulley on Detail 25 and 27 
and terminate at Detail 36. A counterweight equal to 
the Z-axis assembly, including the motor, could be 
used instead of the tension spring. 


Install Details 50 and 51. Mount the cutter motor 

on Detail 26 so that the drive gear, Detail 41, mates 
properly with the driven gear, Detail 42. Shim as 
required. Assemble Details 35, 35A and 35B and the 
Z-axis motor with Detail 99 attached. Mount on Detail 
19 and Detail 20 with the gears, Detail 25 and Detail 
99, mated properly. Install the gear guard (Detail 47). 
Move the cutter motor slide manually up and down 

to assure there is no binding. 


Mount Micro 
Switch here 


-X- AXIS MOUNT, -Y- AXIS COMPOUND & 


ROTARY TABLE ASSEMBLY 
(Romy & -Y-axis Drive 
lotors Omitted) 
X-AXIS COMPOUND ASSEMBLY ; about half way. Slide it through Detail 63 and install 
Assemble Details 53-55, 58-60, and 63. Put the slide Detail 65 (gear), so that it is free to rotate without end 
into the track and assure it moves freely without side chucking. Assemble Details 57 and 56. Also assemble 
or up and down movement. Shim, or machine, to meet Details 61, 62, 67, and the X-axis drive motor with 
this requirement. Thread Detail 64 through Detail 59 Detail 66 attached. Adjust for proper gear mating. 


ROTARY TABLE 
DRIVE MOTOR 
ASSEMBLY 
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Y-AXIS COMPOUND AND 

ROTARY TABLE ASSEMBLY 

Assemble Details 68, 69, 71-75, and 77 as per the 
drawings and photographs. Adjust so that Detail 69 

is a smooth sliding fit without any side or up and down 
movement. Remove Detail 69 and install Detail 76 (4) 
and the oilite sleeve bearing with the head on the same 
side as the spherical bearings. Assemble Detail 93 (2) 

to 69. Install Details 95 and 96 on Detail 69. Assemble 
Details 70, 70A, 70B, 100, and 101. Install the chain on 
the large sprocket, and insert the assembly into the 
oilite sleeve bearing. Make sure the chain is looped out, 
and held towards the rotary table motor mount. Install 
the modified hex bolt. Shim as required to assure that 
Detail 70 contacts the spherical bearings equally. 


1/4-20 tap x 1/2 deep 
washer —~ 


13/32 - 
3/32 


ROTARY TABLE 
SUB-ASSEMBLY 


-X- AXIS COMPOUND 
ASSEMBLY 


Cutter 


4mfd Cen Off 

elie) o SPDT 
= Rotary Bla | 5x 
Table [Conn 


Blu 
‘O- 


SWITCH and BOXES i 


SW 
Use Limit switch SPST 
Assemble Details 80-85. Mount this assembly on Detail 
69 at Detail 81. Place the entire assembly on Detail 68 
and capture them with Detail 77 (4). Attach Detail 83 to 
Detail 68. Mount Y-axis motor on Detail 95, with 96, 
® and adjust for proper gear mating. Assemble Details 
87-91. Mount Detail 86 (Rotary Table Motor), with 
gear attached, to Detail 88 and adjust for proper gear 
mating. Mount this assembly on Detail 93 by 
engaging the chain, then adjusting for proper tension. 


pany 


Electrical wiring of this machine is accomplished by 
following the diagrams. The Y-axis compound and 
rotary table assembly is mounted to the bed by 
clamping through Detail 68 into Detail 8 (T-nuts with 


(Text continued on page 129.) 
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drill & c'sink for #10-24 tap thru drill & c'sink for 
#8 fl hd scr (2) holes opp. side (6) holes 1/4 fllhd scr (2) holes 


5-1/2 
4-1/2 


1/4 i 8-1/2 


19-1/4 er ae 1/4 
BASE A =f 


mat'l - CRS 
1 required 
ate #8 drill thru (3) holes 


drill & c'sink for 
#8 fl hd scr (4) holes 


3/16 dia. 
ream thru 


{ ‘GUIDE , SIDE 
1/4 : 

mat'l - CRS 

2 required 


1/4-20 tap thru 
(10) holes 


6-1/4 


3/8 
2-1/8 bes 
4-1/4 
———— 1/2 


———— 
7 
(68) TABLE si 


mat'l - aluminum 
#8 drill thru 1 required 


(3) holes 


mat'l- CRS 
2 required 
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3/8 #10-24 tap thru (4) holes 


1/2 


3/16 dia. 
ream thru 


drill & c'sink for 
#8 fl hd scr 
(4) holes 


#10-24 tap thru 
(4) holes 


= 5 al 7 1/2 

a ee art 
PLATE , MOUNT 4-1/2 1/4 
mat'l - aluminum ft 
"required 


(68) BASEB 
drill & c'sink mat'l - CRS 
A for #8 fl hd scr 1 required 


(2) holes 


| #10-24 tap thru 


(2) holes 


1/4 
oi 


1-13/32 
2-13/16 ———+ 


| Bs 
i oat 


(59) END fo (60) SPACER 


mat'l- CRS mat'l - CRS 
2 required 2 required 
piece 1 A = 3/8-16 tap 

piece 2 A= 7/16 dia. 


drill & c'sink for 
#8 fl hd scr 
(2) holes 


7/16 


1/4-20 tap thru 5/8 
(2) holes ie 


3 2-1/8 


drill & c'sink for 
#8 fl hd scr oe 


(2) holes opp. side 3/4 dia. thru 
|+__— 9.4/8 ——+| (2) holes 


| cos (2) holes 
61) MOUNT , MOTOR A (62) MOUNT, MOTOR, B 
mat'l - aluminum mat'l - aluminum 
1 required 1 required 
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3/8 i.d. oilite bearing 


#10-24 tap 
3/8 deep 
(2) holes 


Ee 5/16 


(63) MOUNT - BEARING 
mat'l - CRS 
1 required 


3-8-16 


| 1/2 = gent thread 


over 


1-5/8 cil 
70 ——' 


flats 
3/4 3/32 dia. 
® - / roll pin 
375 a eel 3/8 
(4A) coLLaR 
mat'l- CRS 
1 required 
1-1/8 
3/8 
1/2 
4 3 
i ie 17/64 drill 
thru (2) holes 


at 
are 
(67) SPACER 


mat'l - aluminum 
1 required 


126 


LEAD SCREW 
mat'l- CRS 
1 required 


5/8 a 


1-5/16 


16 


1/4-20 
t-nut 

(2) holes 
opp. side 


(69) SLIDE, -Y- 
mat'l-hardwood 
1 required 
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Eeerkea ee 
~~ 3 ——>| 


lag screw spot from 71 (6) holes 
20 


t— 7-3/8 17/64 drill thru afc 
/-+——— 10-1/2 (5) holes 
(68) TABLE, -Y- 
mat'l-3/4 plywood 
1 required 


P 8 


1/4-20 t-nut 
(2) holes 


3/4 dia. 
thru 


gh 
~% 


y spot from 
rotary table 
motor ass'y 
(4) holes 


1/4 


4/2 1/4-20 tap thru 7/32 drill thru .625 dia. p.f. 1 47/64 drill thru (3 
(40) eq. sp. (4) holes with 70B EE aay SOE? 
#10-24 tap Te 
(4) holes 
9-1/4 
2 
typ. ds is 
Te #10-24 tap 
1 94 (2) holes 
0 -- 
625 dia. 5-5/8 
p.f. w/ 70B ¢ 
1/2 kK 2 typ. om 
r 1/2 Ls 3 typ. ied 11 
(70) ROTARY TABLE ol 
mat'l-aluminum (0A) ROD TABLE SPACER 
1 required mat'l - aluminum 
1 required 5/8 typ. 5/g——| Ee 
GUIDE, -Y- 
; 1/2--| mat'l-1/8 x 1-1/2 x 1-1/2 steel angle 
1/4 drill thru a 2 required 
(2) holes 
1-1/8 
r= 1/4 
{ 4-5/8 
5/8 
& 1-1/2 aa] 
@) i 
HOLD DOWN STOP, MICRO SW : 
mat'l - steel angle mat'l - aluminum rs ss thru 
4 required 1 required (5) holes 
drill to suit for .3125 dia. thru 
1/4-20 t-nuts 
{ | (2) holes 
1-1/2 
5/8 1/2 
a aN 1-1/16 1 
KAN dia 3/32 dia. 
114 L_ ff ; roll pin 
#10-32 x 3/4 Ig. GUIDE, SLIDE rate 
screws, typ. mat'-1/8 x 1x1 steelangle ~~ thru eee ey 
2 required 
COLLAR 
mat'l - CRS 
1 required 


ROT. TABLE STOP 
mat'l - aluminum 
1 required 


1/2 
I 


3/8-16 thread 


We 


|" Lsne | 


over 
flats 


The Shop Wisdom of James McKnight 


a 2-1/2 aes 


22 


LEAD SCREW 
mat'l - CRS 
1 required 


(60) 


127 


17/64 drill thru 
(2) holes 


#10-24 tap thru 
(2) holes 


.500 dia. thru 


5/8 5 
3 


3/16 drill thru 
(2) holes 


#8-32 AHCS 
(2) 2 
MOUNT, LS B 
1) mat'l - 1/8 steel angle (83) Aad LS 
1 required 


17/64 dia. thru & 


3/4 dia. c'bore x .25 deep 
(4) holes 


.138 dia. 


(4) holes 


< #8-32 tap - spot 
from item #93 (4) 


MOUNT, MOTOR | 1/2 
mat'l - aluminum 
1 required Lo 1/4 truarc 
2-1/2 


312 aa 
© 


(94) SHAFT, GEAR 
mat - drill rod 
1 required 
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spot from item 89 


1/8 steel angle 
1 required 


as 


3/8 


2 


7/32 /=— 1-9/16 


1-5/8 


1-3/16 


5/16 i.d 
#6-32 tap thru_oilite 


bearing 


(4) holes 


-500 dia. thru 


at 


ac 


(84) PLATE, LS 


mat'l - CRS 
1 required 


1/2 


5/16 i.d. 
oilite bearing 


for #6 fl hd scr 
(4) holes 


(87) PLATE, BEAR, UP 
mat'l - aluminum 


4-1/8 1 required 


‘ab 


(89) PLATE, BEAR, LOW 


mat'l - 
1 required 


17/64 
drill thru 
(4) holes 


ee Oe 


aluminum __ | 


3/16 x 1/2 slot 
(4) places 


=5 
“oh 


1-1/8 


wed 


11/64 drill thru & c'sink 


ref. ‘ 
(93) SUPPORT, MOTOR 


mat'l - 1/8 x 1-1/2 x 1-1/2 x 5 steel angle 
2 required 


1/4-20 tap thru 
(2) holes 


15/16 


1-1/8 


1/4 as 


| 1-5/8 
Set) 


(95) MOTOR MOUNT 
mat'l-CRS 
1 required 


spot holes 
from item 93 


3 


SPACER, ROT. MOUNT 678 SPACER, ROT. MOUNT 


mat'l - aluminum mat'l - aluminum 
1 required 1 required 
5/8 dia. 


2 dia. 118-~| | 
(101) SPACER 


mat'l - aluminum 
1 required 


1/4-20 x 2-1/2 knobs). The X-axis compound attaches to 
the rotary table using hex head bolts through counter bored 
holes in Detail 53. When using the X-compound, clamp the 
rotary table using a 5/16" diameter stripper bolt, with 1/4- 
20 thread, through Detail 79, which is mounted onto Detail 
69. A machine light and vacuum adapter were mounted, 


as shown, and all gear trains are guarded. 


9/32 drill thru 
(2) holes 


(96) SPACER, MOUNT 
mat'l - aluminum 
1 required 


1/4-20 tap 
(2) holes 


(98) MOTOR CLAMP 
mat'l- CRS 
1 required 


7/32 drill thru 


(102) GUARD, -Y- MOTOR 2-3/8 


mat'l - aluminum 
1 required 


| 1-1/2 —-| 
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7/32 drill thru 
(2) holes 


5 


(103) GUARD, -X- MOTOR 
mat'l - aluminum 
1 required 


3/4 


3-1/2 —=| 


7/32 drill thru 


GUARD, CUT MOTOR 
mat'l-pine/plexiglass 
1 required 


C) 


Limit switches were added to the Y-axis slide to prevent 
damage to the drive motor. A hand crank and depth 
scale is provided on the Z-axis to make final 
adjustments for finish cutting. Wood can be clamped 
directly to the rotary table, X-axis slide, or in the vise 
that is mounted on the X-table. The cutter spindle has 

a .500 diameter bored hole that will accept various size 
cutting tools. A vacuum attachment keeps chips and 
dust to a minimum. 


The rotary table is clamped to prevent rotation, except 
during spiral cutting. Ninety percent of the material 
that went into building this machine came from my 
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17/64 drill thru (4) holes 


2-3/4. ————+ 


hi 


(08) 


BRACKET,UPRIGHT 
mat'l-1/8 x 1-1/2 x 1-1/2 steel angle 
2 required 


7/32 drill thru 
(2) holes 


5/16 drill thru 
(2) holes 


—————- 3-3/4 


4-1/4 
(09 


BRACKET 


mat'l- 1/4 steel angle 
1 required 


existing stockpile, including the drive motors. The only 
purchased items were the electrical boxes, switches, 
wire, sprocket gears, and a drive chain. With this unit, 

I can perform many wood working operations, including 
slotting, rabbiting, large hole boring, spiral cutting, 

and much more. 


This has been my most ambitious project and, as I stated 
earlier, it just got bigger every day. It will probably appear 
to many people that this was a great deal of work for the 
end product, but that’s the way I survive. After 39 years 
at Eastman Kodak Company in Research and Develop- 
ment, I could not seem to relax in retirement. There are 


37 pieces of equipment (besides hand tools) in my shop 
that can be described as power driven, or can be used 
manually to produce a part. I designed, fabricated, an 
assembled 31 of these items. This is what I enjoy. It’s the 
challenge to produce something useful, whether it’s used 
everyday or once a year. 


BILL OF MATERIAL 


NAME MATERIAL 
Base A CRS 
Guide, Side CRS 
Guide, Top CRS 
Table Alum 
Plate mount Alum 
Base B CRS 
End CRS 
Spacer CRS 
Mount, Motor, A Alum 


Mount, MotorB Alum 
Mount, Bearing CRS 
Lead Screw CRS 
Collar CRS 
Spacer Alum 
Table, -Y Plywood 
Slide, -Y Hardwood 
Rotary Table Alum 
Rotary Table Spacer Alum 
Rotary Table Shaft Drill Rod 
Guide, -Y Angle Iron 
Guide, Slide Angle Iron 
Mount, -Y Hardwood 
Spacer Masonite 
Spacer Masonite 
Spherical Bearing 
Hold Down Angle Iron 
Stop, Micro SW Ss Alum 
Rotary Alum 
Alum 
Alum 
Lead Screw CRS 
Collar CRS 
Mount, LS Angle Iron 
Plate, Nut CRS 
Bracket, LS Angle Iron 
Plate, LS CRS 
Plate, Bear, UP Alum 
Mount, Motor Alum 
Plate, Bear, Low Alum 
Support, Motor — Angle Iron 
Shaft, Gear Drill Rod 
Motor Mount CRS 
Spacer, Mount Alum 


Spacer, Rot Mount CRS 


Motor Clamp CRS 
Angle Mount Angle Iron 
Spacer Alum 
Guard, -Y-motor Alum 
Guard, -X-motor Alum 
Guard, Cut Motor Pine 

Pine 

Plexiglass 
Bracket Upright Angle Iron 


Bracket Angle 


SIZE 

1/4" x 5-1/2" x 19-1/4" 

1/4" x 1/2" x 18 

3/16" x 1.0 x 18 

1/2" x 8" x 10" 

1/2" x 5" x 7" 

1/4" x 4" x 5" 

1/2" x 4" x 5" 

1/2" x 1.0" x 5" 

3/8" x 2-3/4" x 5" 

3/8" x 3" x 4" 

1/2" x 1.0 x 5-1/2 

3/8" diameter x 1/2" 

3/4" diameter x 1/2" 

3/8" x 1-1/8" x 4" 

3/4" x 24 x 24 

1 x 15-7/8 x 16 

15" diameter x 1/2" 

1/4" x 3" x 3" 

5/8" diameter x 2-1/4" 

1/8" x 1-1/2" « 1-1/2" x 24" 
1 BYES X16! 

3/4" x 1-1/2" x 24" 

1/8" x 7" x 24" 

1/8" x 5" x 24" 

34" @ 

1/8" x 3/8" x 1-1/8" x 1-1/2" 
1/8" x 5/8" x 1-1/8" x 1-1/4" 
1/2" x 1" x 3’ 

4/2" x 1" x 1-3/16" 

1/2" x 1" x 1-1/2" 

3/8" diameter x 22" 

3/4" @ x 1/2 

1/8" x 5/8" x 1" x 4" 

1/2" x 5/8" x 3" 

1/8" x 1-1/2" x 1-1/2" x 4" 
1/2” x13" 

1/4" x 1-5/8" x 2" 

3/8" x 4-1/2" x 5" 

3/8" x 1-5/8" x 2" 

1/8" x 1-1/2" x 1-1/2" x 5" 
5/16" diameter x 2-1/2 

1/4" x 5-1/2" x 9" 
3/4" x 4" x 5" 
3/8" x 1-1/2" x 2" 
3/8" x 1-1/2" x 3" 
1/4" x 1-1/2" x 4" 
1/8" x 1-1/2" x 1" 
1/8" x 3-1/8" x 3" 
1/16" x 6" x 6" 
1/16" x 3" x 5" 
3/4" x 1-7/8" x 6" 
3/4" x 1-7/8" x 5 
1/8" x 3-1/4" x 5" 
1/8" x 1-1/2" x 1-1/2" x 4" 
1/4" x 3" x 3" x 4-1/4" 


x 4" 


(2) 
< 


ie a ek ae NO HO Ee a SE po NS: 


4-1X 


BaP NG a er lee ol i 


Router Base Plate 
for the Wood Mill 


ince submitting my “Wood Mill” article, I have An electrical outlet was added for the convenience 

made some modifications to the cutter assembly. of plugging in either the cutter motor or the router. 

On some occasions, I wanted to be able to The cutter motor worked okay but the router gives 
interchange my router with the existing cutter motor. smoother cuts when necessary. This change is not 
To do this, I fabricated the router base plate as shown. mandatory but I thought it adds to the versatility 
With the addition of the two clamps, the conversion of the mill. 


worked out well. 


> ai 
heath 
sf 3/4 
ney 
|-s/16 typ 
3/16 dia 
2 places 10 
17/64 drill 1-1/2 dia ° 
6 places 
1/2 
A 
3/8 sel SIM 


1/8 
4 


CLAMP 
mat'l- CRS ROUTER BASE PLATE 
2 reauired mat'l- CRS 
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Shop Improvement Projects 
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Small Index 
Fixture 


his small index fixture was a 

very welcome addition to my tool 

collection when I worked as an 
instrument maker many years ago. 


Start the fabrication with the main housing (Part 1). 

It must be square and have ends that are perpendicular. 
The work can be done on a milling machine with an 
end mill or a fly cutter. Clamp one side down securely 
on the mill bed. Take a cleanup cut on the top side. 
Turn the workpiece over and remove material from this 
side to assure both sides are parallel. 


Clamp the block to a good angle plate, indicate the top 
side and machine it to assure that this side is at 90° to 
the finished sides. Turn 180° and machine the last side. 
With all four sides now parallel and square, clamp the 
part to your angle plate with one end up. Indicate the 
vertical side and remove material from the top end. 
Turn 180° and repeat the process to meet your 3-3/8" 
dimension. Now the housing has all parallel sides and 
top and bottom are at 90° to the sides. 


igs : 2\2 . cal 


/2 


A 
71.975 poo =~ 1/2-20 


33/8 


/2 


+.002 
1.625_ 000 = 1/2 


cal 
t 
10-32) {WP)of 12 


(see note) 
are (1) MAIN HOUSING 
CRS C-1020, 1 required 
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B=t_ 


The small index fixture is assembled and ready for work. 


Apply blue layout dye to both ends. Scribe the center 
point of the block at each end. Mount on your drill 
press and center drill each end. Clamp the workpiece 
securely and drill a 3-1/64" diameter hole halfway 
through block. Turn the block over, clamp and repeat 
the process, ending with a 1/2" reamed hole completely 
through the block — end to end. If you have a large 
enough drill press, feel free to drill and ream any size 
hole up to 1.0" diameter. Mount the block in your four- 
jaw lathe chuck. Indicate the center hole. Rough and 


tap 4-40 (3 pl) 
eq. sp. on 


tap 4-40 (3 pl) 


eq. sp. on 


1.768" BC 


Section A-A 


(2) ROTATING SLEEVE 
CRS C-1020,1 required 


7116 y 


All elements for the index fixture are laid out and ready for assembly. 


then finish bore the 1.625" diameter through and the 
1.975" diameter x .500" deep counterbore. 


Reverse the part in the chuck and indicate the 1.625" 
diameter finished bore. Finish machine the 1.975 x 
.125" deep counterbore. Note that the 1.625" diameter 
bore can be relieved in the center area by leaving 1/4" to 
3/8" “bands” at each end. . 


Remove from the lathe and set up in the milling 
machine. Mill two 12. x 12. x 5/16" deep pocket areas 
holding the 1.875" dimension. Add the two .250 x 3/8" 
deep reamed holes. These pivot points must be in line 


4-40 (2 pl) 


1/4 7 


Poe | 


I 


with each other. You can do this by adding 
one hole, then mounting a plate (with a 1/4" 
dowel pin protruding 3/4") on the mill table. 
Indicate the dowel on center, lower the mill 
table and then place the housing on a plate 
with the dowel in the .250" diameter hole. 


Clamp the housing, center drill the second 
hole, and drill and ream according to the 
drawing. Remove from the mill, apply blue 
dye, lay out all the other holes, and drill and 
tap. Be very careful while adding the 2-56 
tapped hole. 


Mount the rotating sleeve (Part 2) in your 
lathe chuck. Allow 3" of rod stock to protrude. 
Rough and semi-finish machine the 1.625" 
diameter to 1.635". Finish-machine the 1.975" 
and 1.562" diameters and undercut. Drill the 
3/4" diameter hole 3-1/2" deep. Finish the bore 
taper and the .950" diameter to the size 
indicated. Remove from the lathe. Cut the length to 
3-3/8" on the band saw. Mount in the four-jaw lathe 
chuck. Insert far enough so the 1/8" flange clears the 
back of the jaws so it clamps down on the semi-finished 
1.635" diameter. If this is not possible, add shims to the 
OD with double-sided tape to clamp. 


Indicate the .950" diameter, and finish-machine the 
1.125" and 1.375" diameter counterbores. Remove from 
the lathe. Set up in the dividing head chuck on your 
milling machine. Indicate on center and drill for three 
4-40 holes. Reverse the part and repeat the process for 
the other three 4-40 holes. Set up on a V-block in the 
drill press. Lay out, center punch and add a .250" 
reamed hole according to the drawing. Tap the 
six 4-40 holes. Case-harden the rotating sleeve 
to a medium depth (.020" to .040"). Fabricate a 
mandrel to the center bore configuration with 
centers at both ends, or make up end plugs for 
the 1.125" diameter taper end and a plug for the 
1.375" diameter (with center drilled ends). 
Mount in a cylindrical grinder on centers. 
Clamp on the 1.562" diameter. Finish grind the 
1.625" OD. This must be a good slip fit into the 


main housing. 


Make Parts 3, 5, 7, 8, 9, 13, 14 and 15. These 
are all fairly simple fabrications and should 
give you very few problems. Lay out Part 4 
on a piece of flat stock. Clamp to the lathe 
faceplate or mount in a four-jaw chuck. 

Bore the 1.562" hole. Rough cut the outside 
diameter on a band saw. Mount on the 1.562" 
diameter mandrel and turn the OD to 3". 
Mount in a dividing head on the mill (step 
collet). Indicate the center hole and add three 
4-40 clearance holes. Using a sharp-pointed 
cutter, engrave the dial with marks every 1° 
for the full 360°. Remove from the mill and 
add 4-40 counterbores. Using 3/32" number 
stamps, carefully add the degree marking. 


Section B-B 


Section A-A 
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Drill and c'bore 


4-40 AHCS, 3 pl on 1.768" BC 


1.562 
van +.003 
-.000 
1.375 
No. 31 drill 
A (3 pl) drill 
eq. sp. on No. 8 
' 1,500" BC 
1/2 
ie ee V 
ah ae 
TH ; AY 1/8 
Al C280 et 
cane. _ Eat 
G (4) DIALA (5) SUPPORT 
0 — CRS C-1020 CRS C-1020 
2 required 
Part 6 (base) is made in two parts. Machine the ends of 
; the 1. x 2-1/2 x 3" piece. Apply blue dye, and lay out 
-— drill/ta : 
ea. poe pees all holes and slots. Mount on the drill press and remove 
AHCS (2 pl) the majority of stock for the 1-3/8" diameter hole and 
the 58" slot. Set up in the mill and machine the 1-38" 
rar 260" diameter hole and the 5/8 x 1-3/4" slot. 


BASE 
CRS C-1020 
1 required 


y~drill No. 31 (2 pl) 


Ser rave line 4 
Viiate <n 


(7) INDICATOR A 
CRS C-1020 


1 required 


(8) CLAMP STOP 
~~ CRS C-1020 


1 required 
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Machine the relief area (1-3/4 x 2-1/2") around the 
1-3/8" hole to 1/32" depth. Remove from the mill and 
add six 10-32 tapped holes and one 6-32 tapped hole. 
Rough and semi-finish-machine the 1/2 x 1 x 2-1" 
part. Finish-machine to the 1.875" dimension. Drill and 
counterbore for a 10-32 Allen head cap screw. Clamp to 
your angle plate, one side up, and indicate to assure it 
is perpendicular to the base. Spot, center drill, drill and 
ream through for the .250" diameter pivot holes. Clamp 
this part to the 12 x 2-12 x 3" part according to the 
drawing. Spot through for two 10-32 holes, and drill and 
tap. Case-harden both parts to a medium depth (.020 to 
.040".) Set up on the surface grinder. Finish-grind the top, 
bottom, ends and sides on the 12 x 2-12. x 3" part. 


The base, main housing, Indicator A and Dial B are shown. 


drill/c'sink 
/ No. 10 FHMS (4 pl) 


ae 


—c'bore 3/16" deep 
; 16 


/16 
pai Ex B 
4 on one 
aa 74 —drill 17/64 
aaa x 1/2" deep 
(9) MOUNT SUPPORT (10) SPANNER WRENCH (1) COLLET CLAMP 
CRS C-1020 ; CRS C-1020 CRS C-1020 
] required 1 required 1 required 
ved 
Br engrave | 
250 sh Oto45 . () (oes line 
is emt 3/16 
2 ro 
i ; a Oa oa 445.) a 
3/4 > Ma: 385 ie Ve pe © = 
be : 1/4 ‘i 
/4 AY i) W aL | 
Nn? 25 
—11/2— 2 +.001 f 
000 13/16 R 
((2)DIAL B (13) COLLET KEY (14) WEDGE (15) INDICATOR B 
‘ drill rod : brass CRS C-1020 
drill rod, 1 required : 
] required 1 required 1 required 


Finish-grind the bottom sides and ends of the 12 x 1 
xX 2-1/2" piece. Assemble both parts. Set up on the 
surface grinder and re-grind both sides. 


Mount the spanner wrench (Part 10) in the lathe chuck, 
and drill and bore the 3/4" diameter center hole. Turn 
all outside diameters (except the 1-3/4"). Remove from 
the lathe, and set up in the dividing head on the mill. 
Indicate, center drill and add two .125" diameter 
reamed holes for the dowel pins. Mount in the lathe 
chuck using brass strip wrapped around the 1-3/16" 
diameter. Diamond knurl 1-3/4" diameter. Remove and 
drill the 1-7/4" diameter hole. Press in two 1" dowels. 


Mount Part 11 (collet clamp) in the lathe chuck. Drill 
and bore the center hole to the .880" diameter. Machine 
the .940-20 internal thread. Turn the OD as shown. 
Remove and cut to 7/8" long in the band saw. Reverse 
in the chuck. Indicate on the center and face to the 

3/4" length. Machine the .940 x 3/16" deep counter- 
bore. Set up in the dividing head on the mill. Indicate 


on the center and add two No. 30 drilled holes. This view shows the top of the main housing. 
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Lay out Dial B (Part 12) on a piece of 1/16 x 1-12. x 
2-1/8" flat stock. Rough cut the radius on the band saw. 
Finish the radius on a sanding disk. Lay out, add the 
.250" reamed hole and the No. 27 drilled hole. Fabricate 
the fixture plate with a 14" dowel protruding. Clamp 
Part 12 to the plate with the .250" hole engaged on the 
pin. Mount the plate in the dividing head on the mill. 
Indicate the left side of Part 12 square to the table. 

Use a sharp-pointed tool and engrave the dial from 0° 
to 45° at each 1° increment. Using 332" number 
stamps, carefully add degree marks every 10°. 


Mount the 1/2" collet (Part 16) in the lathe. Chuck on 
center with the 3-1/4" diameter protruding. Drill and ream 
the 3/4" diameter < 2-1" long inside hole. Turn the OD 
to .948 x 2.500" long and taper out to 1.125" at 3". 


Turn the .940" diameter for 5/8" length and add a relief 
groove. Cut the .940-20 outside thread using the collet 
clamp as a gage. Remove from the lathe. Cut to the 
3-1/4" length on the band saw. Mount in the lathe 
chuck. Clamp on the .948" diameter. Indicate the 

.948" diameter to true center. Face to the 3-3/16" 
length. Drill and ream the .500" diameter hole. Turn 
the 7/8" spherical radius. Polish the face and taper with 
an emery cloth. Remove from the lathe. Fabricate the 
brass expansion mandrel with a 3/4" and 1/2" OD with 


The base is shown in raised position while the main 
housing is placed on its head. 
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a good press fit into the center bore. Set up in the index 
head on the mill. Using a small diameter 1/16" slitting 
saw, machine three 1/16" slots as shown. Machine the 
.110 xX 1/16" deep keyway groove. 


The mounting table drawing shown is typical for 
clamping small parts. 


Assemble Dial A and the collet key (Parts 4 and 13) to 
Part 2, the rotating sleeve. Be careful to align the collet 
key so the groove will be properly aligned to prevent 
rotating but still be free for insertion and removal. 
Then assemble the base to the main housing. 


Press two 1/4" dowels in place to act as hinge pins 
(grind a flat on the edge to allow air to escape). Leave 
the pins protruding in case they have to be removed 
and also to locate Dial B. Mount Indicator A, Dial B 
and Indicator B. Then assemble the mount support to 
the main housing. Insert the rotating sleeve into the 
main housing and assemble the ring clamp to the 
rotating sleeve. Note that the heads of the 4-40 Allen 
head cap screws will have to be ground on one side 
for clearance. Make sure there is no chucking action 
between the main housing and the rotating sleeve. 
Grind the end of the rotating sleeve or shim to assure 
no end play. Install the stop clamp and wedge. Then 
add the supports. Install the collet, and capture and 
clamp with the spanner wrench and the collet clamp. 


4940-20 


7/8" spherical 
radius thread 
1/16 x 2" 
saw cut 
(3 pl) at view 
3 COLLET 1/2" 
Mae 9 CRS C-1020 ‘rotated 
1 required 90 CW 


drill/tap 
c'bore 8-32 AHCS 
3 pl. eq. sp. on 11/8" BC 
MOUNTING TABLE 
CRS C-1020 


1 required 


10-32 as requires 


It is obvious in today’s market you can purchase a good 
index fixture at a reasonable price from companies such 
as Enco. I built this unit years ago while learning the 
instrument maker’s trade and attending night school 
for machine shop practice courses. I took great pride in 
being able to fabricate this item and it also gave me 
some pretty good marks for the course. My instructor 
allowed me to make some useful tools instead of the 
old hammer and “square block” assignments. This 
fixture is not a precision instrument and in no way was 
intended to replace a commercial dividing head or 
index fixture. However, it proved very valuable in my 
daily tasks of producing small, intricate, one-of-a-kind 
parts in a research and development area. 


BILL OF MATERIALS 
NO. QTY. | NAME MATERIAL 


I had to do a lot of prototype layout work, hole 
location, small hole boring, and machining. Having this 
personal tool always available at my bench, coupled 
with a 2" miniature height gage I made, helped me 
considerably to stay ahead of the game by not having 
to wait for or tie up a much-in-demand shop dividing 
head or index fixture. I used it numerous times on a 
Bridgeport mill using small cutters. As with any fixture 
used in a machine, you must always follow good safe 
shop practice by clamping the fixture securely and 
locking down all possible rotating members (e.g., Part 2 
using Part 8). It certainly was not designed or 
constructed for heavy milling duties. 


SIZE (INCHES) 
1 1 Main housing CRS C-1020 22 xX 22 x 32 
Reg 1 Rotating sleeve CRS C-1020 2" did, x 5 

3 1 Ring clamp CRS C-1020 V4x2x2 
4 1 Dial A CRS C-1020 V4 x 3% x 3% 
5 2 Supports CRS C-1020 Vex’ x 3% 
6 1 Base CRS C-1020 x2 x 3% 

1 CRS C-1020 x1 x 2% 
7 1 Indicator A CRS C-1020 xl x 1% 
8 1 Stop clamp CRS C-1020 1" dia. x 2 
9 1 Mount support CRS C-1020 V4 x 234 x A 
10 1 Spanner wrench CRS C-1020 134" dia. x 2% 
12 1 Dial B CRS C-1020 Yox 1% x 2% 
13 1 Collet key drill rod Va" dia. x 1 

1 Wedge | brass | Va" dia. x Y% 
15 1 Indicator B | CRS C- 1 020 | Ye x Hex ¥% 
16 1 Collet -/2" | CRS C-1020 1%" dia. x 5 

Hardware 


Allen head cap screws 


——————EE SSS Es 


Roundhead screws 


Flathead machine screws 


The clamp ring is shown on the end of the 
rotating sleeve. 


Dowel pins 


10-32 x 

10-32 x ¥% 4 
6-32 x V4 1 
4-40 x V4 3 
440 x % 5 
2-56 x Vs 1 
10-32 x 4 
Ya" dia. x % 
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Toolmaker’s Vise 


his small precision toolmaker’s vise was a parallel to the table, and machine a 1/4 x 1.000" slide 
welcome addition to my toolbox. I use it groove, leaving .010" per surface for finish grinding. Set 
constantly for surface grinding tasks, layout up on its end and mill the 1/16 x 3/16 x 1-12" cavity. 


work, accurate drilling and intricate milling, and other 
appropriate jobs. The construction of this tool requires 
access to a surface grinder, magnetic parallels, a 
precision angle plate and a surface plate. 


Apply blue dye and lay out all the holes. Drill and tap 
the 1/2-20 hole while the base is clamped to an angle 
plate and the base sides are exactly perpendicular to the 
surface plate. Rotate 180° on the angle plate 
and re-indicate plumb. Drill and counterbore 
two holes for 10-32 Allen head cap screws 
(AHCS). Metal stamp the name in the 

3/16 X 1-1/2" cavity. 


Set up the movable jaw (Item 2) in your mill. 
Machine to square up all sides, holding the 
1-1/4 x 1-3/8 x2" dimensions. Machine the 
370 X .499 x 1.0" protrusion leaving .010" on 
the surfaces marked -G-. Lay out, drill and 


Start the fabrication process with the base 
(Item 1). On a band saw, cut out the 1.0x 
3-1/4" area leaving 1/16" stock per surface for 
final machining. Set it up in the milling 
machine vise and square up both ends. 
Clamp on two parallels and mill the top 
surface at the 3/4" and 5/8" areas. Mill the 
1.02 X3-1/4" cavity. Remove stock to 
maintain the 5/8 x 7/8" protrusion (boss). 
Leave .010" on the surfaces marked -G- 
for finish grinding. Remove the 
workpiece from the mill. Apply blue 

dye and lay out the 12. x 3-1/4" slot. 
Clamp on the drill press and drill 

a series of 7/16" diameter holes to 
remove the majority of the stock. 


Set the base up in the mill vise on two 
parallels. Use a 7/16" end mill and cut 
the sides of the slot to hold the .500" 
width dimension with a smooth-as- 
possible finish. Rotate the base in the 
vise to a 45° angle and cut a 1/8" relief 
groove (for finish grinding) at the inter- 
section of the 3/4 x 5/8" dimension. 
Use a circular saw with a 1/16" radius 
so as not to leave any sharp corners. 
Mill the radius at the top corner of the 
3/4 X 1-5/8" left end. Set it up on its 
side, indicate, clamp, and mill a 


1/4 x 3/16" deep groove. Turn 180° @ 
and cut a groove on the opposite side. CRS, 1020 Section A-A 
Rotate 90°, indicate the side surface 1 required 
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a 


Beri iid 


reegeeeded 


counterbore two holes for the 10-32, AHCS. (The 
counterbore should be 7/8" deep at this point.) Drill and 
ream a 1/2" diameter hole as shown. Clamp your 
workpiece securely to the drill press table. Use a 3/4" 
counterbore with a 1/2" diameter pilot at slow speed 
and add the spotface 3/4" deep. Set up in the mill vise 
at a 45° angle. Remove the stock to meet the 1/2 x 3/8" 
dimensions. Clamp in the vise and remove stock to 
maintain the 3/4 x 3/4 x 7/8" spotface cavity. Add relief 
grooves at the bottom of the .499" protrusion. Lay out 
and add tapped and 3/16" reamed holes. 


Send the base and movable jaw to a heat-treating 
facility. Case harden to a medium depth (.020-.040"). 


Install the handle (Item 3) in a 1.0" lathe collet or 
chuck, extended 4". Turn it down to .500" diameter for 
a 2" length. Center drill. Use an F drill and add a hole 
3-1/8" deep. Tap 58" deep with a 5/16-18 left-hand tap. 
Cut a 1-20 thread 2" long. Use a commercial nut or 
tap a piece of stock to gage a good running fit. Knurl 
the 1.0" OD using a “quick-acting clamp” type tool. 


| 


ream 1/2" 


3/8" deep 
(2) MOVABLE JAW ras 
CRS, 1020 SIS eRe 
1 required 


Remove from the 
lathe and cut to a 3" 
length on the band 
saw. Mount in a lathe 
chuck using brass 
shims to protect the 
threads. Indicate on 
center using an F 
diameter hole. Face 
the end and bore a 5/8" 
diameter x 3/4" deep 
counterbore. Run a 
21/64" drill in, 2-3/8" 
from the end of the 
piece, for clearance. 
Clamp in the drill vise 
and add a 3/16" hole. 


Set up the adjusting screw (Item 4) in a lathe collet. 
Cut a 5/16-18" left-hand thread or use a die. Use the 
handle as a gage. Cut to 3" length with a hacksaw. 
Mount in the collet and face the end. Clamp in the 
drill vise and add a .170" spotface. 


Mill the clamp (Item 5) to the 1.0 x 1-1/8" dimensions. 
Leave the stock at the 1.0" dimension for the final fit 
to the 1.000" slot in the base. Lay out the holes, drill, 
counterbore and ream according to the drawing. 


0 3 
nee 5/8 . 


Ht SaRNGnn 


MTS hh 
DSSS 


1 required 
? t 
center 
i ee dril 
4 3125 PQ HAHAH HD 
499 Vie 170 siecle Th 
TT spottace 
(4) ADJUSTING SCREW 
~CRS 
1 required 


1/4 
5/16 
3/16 — ~ 
1.0 - = 
ie No. 18 drill 
No. 8 cbore 
.170" deep 
(5) CLAMP 
0-1 tool steel 
1 required 
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eee a 

| | 1/2 3/8 

® @ 7 1.0 fen ae. 
10-32 aot 50] = 1875 —f =-}- 
(2 pl) 13/8 i } 

(6) FIXED JAW (7) LARGE SOFT PLUG SMALL SOFT PLUG 
0-1 tool steel CRS CRS 
2 required 1 required 2 required 


Make Items 6 through 8 (fixed jaw and the two soft 
plugs) as shown. 


To finish grind the base and movable jaw, proceed as 
follows: Clamp the base to the surface grinder magnetic 
table with the long edges perpendicular to the wheel, 
and bottom side down. Grind the stock from the 

3/4 x 2." and 5/8 X 2" areas to clean up only. Lower the 
wheel and grind the top inner surface from the relief 
groove over to the 5/8" protrusion. Do not grind the 
inner surface of the protrusion or the inner face of the 
jaw-mounting area. Turn the workpiece over and 
mount it on the top inner surface using a 1-144" high 
magnetic parallel. Block and clamp to the magnetic 


table. Grind the bottom surface; remove a minimum of 
material to clean up only. Clamp on the table with one 
side down. Grind the other side. Turn over and grind 
the opposite side. Clamp to the angle plate with the 
sides perpendicular to the surface plate. 


Mount the workpiece on the magnetic table and grind 
one end. Reverse on the angle plate, indicate and grind 
the opposite end (clean up only). Lay it on the surface 
grinder table bottom side up with the 4-5/8" length 
indicated parallel to the grinding wheel face. Block and 
clamp with a magnet. Grind the bottom of the 1.000" 
slot area. Do not grind the sides. Install a “cup wheel” 
on the grinder. Grind the 14" deep x 4-5/8" sides of the 
slot. Rotate 180°, indicate, block, clamp and grind the 
other side holding the 1.000" dimension. (Note: This is 
ideal, but it can vary as long as the movable jaw is a 
precision slide fit in the base using the .499" dimension 
or the clamp.) Turn over and indicate one edge exactly 
perpendicular to the cup wheel face. Block and clamp 
with the magnetic chuck. Grind the jaw mounting area 
to clean up only. 


142 The Shop Wisdom of James McKnight 


Mount the movable jaw on the surface grinder 
magnetic table with one 1 x 1-14" side down. Block 
securely and clamp with a magnet. Grind the top side 
to remove a minimum of material. Reverse on the 
chuck and grind the other side. Clamp to an angle plate 
so the jaw-mounting face is up and parallel to the 
surface plate. Mount on the surface grinder table and 
clamp. Grind the jaw-mounting area. Clamp to an angle 
plate, indicate and grind one side of the .499" boss. 
(Remove enough material so, when you reverse the part 
and grind to maintain the .499" dimension, the boss 
will be on the center line of the 2" dimension.) Reverse 
and grind the other side. Clamp to the angle plate on 
the 1 x2" jaw-mounting area 
with the bottom sliding surface 
up and indicate parallel to the 
surface plate. Grind both 
surfaces in line with each other 
on both sides of the boss. 


BILL OF MATERIALS 
No. | ary. | NAME MATERIAL SIZE (INCHES) 
] ] Base CRS, 1020 1%x2xA4%* 
2 ] Movable jaw = CRS, 1020 1% x 1% x 2 
3 ] Handle CRS 1.0 dia. x 5 
4 ah 1 Adjusting screw CRS A6 dia. x 5 
i din 
5 1 Clamp 0-1 tool steel Vx1lxi 
6 aft 2 Fixed jaw 0-1 tool steel “%x1x2 
I 
7 1 Large soft plug CRS Ya dia. x V2 “| 
8 2 Small soft plug CRS V6 dia. x % 
—— = - 2 
HARDWARE 
4 Allen head cap screw 10-32 x V2 
1 Allen head cap screw 8-32 x V2 | 
1 Allen head setscrew 8-32 x V4 


2 Dowel pin 


Yo dia. x 2 
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The assembly process is as follows: 
Press the soft plugs (Items 7 and 8) 
into the movable jaw. Assemble the 
movable jaw to the base. Lap the 
slot or re-grind the sides of the boss 
to assure a good sliding fit from end 
to end. Place the clamp in the slot. 
Re-grind the edges if necessary to 
give a good sliding fit. Position over 
the 1.0" boss and clamp with 8-32 
AHCS. (Increase the clearance hole 
and counterbore, if required, for 
alignment.) Shim or re-grind, if 
necessary, for a good fit with no 
shake. Drill and ream for 1/16" 
dowel pins into the small soft plug 
(Item 8). Set up on end, clamp the 
base to the movable jaw, and spot 
through the 1/2-20 hole into the 
large soft plug (Item 7). 


Remove the movable jaw. Drill 
and ream a .3125" diameter hole 
through the large soft plug. Spot 
through the 8-32 hole and drill (No. 
29) through the plug into the 5/16" 
reamed hole. Tap to 8-32. Assemble 
the adjusting screw to the movable 
jaw. Align the .170" spotface with 
the 8-32 hole and clamp with an 
AHSS. Screw the handle into the 
base and onto the adjusting screw. 


Assemble the fixed jaw to the base 
and movable jaw. Clamp with 
10-32, AHCS. Remove material 
from the ends of the screws, if 
required. Grind the bottom edges, 
if necessary, for proper screw 
alignment. Mount the assembly on 
the surface grinder with the base 
down. Clamp and grind the top 
surface to assure that the jaws are 
flush to the top. Turn the assembly 
on its side and mount it on two 
magnetic parallels. Grind the side 
so the jaws are flush. Turn the 
workpiece over, mount it on 

the grinder table, and repeat the 
process for the other side. 
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Automatic Vent Door 


as a shop area for many years. The first winter, I 
installed a small wood stove and chimney for heat. 
This setup did a fine job for several years. However, 
when I wanted to spend just an hour or so in the shop, 
it became a real chore to start a fire and was a waste 
of good wood for the short time I spent in the area. 


I have been using my double car, unattached garage 


I decided to install a 
portable forced-air 
kerosene heater with a 
thermostat to provide 
fast and controlled heat. 


Because of the carbon 
monoxide problems, you 
must leave the garage 
door or windows open a 
given amount to provide 
the proper ventilation. 

It is so easy to forget to 
open a door or window — 
or shut them — because 
of the draft of cold air 
rushing in when the 
heater is off, so I decided 
to build this unit. It has 
been in use for many 
years and has never 
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given me a problem. I cut the proper sized opening 
(dictated by the heater used) through one of the doors 
no longer used as an entrance. I framed the inside with 
1 X 2" pine and then constructed and mounted the 
“trap door” inside the garage against this framed area. 
The main housing was then made from 1/2" and 3/4" 
plywood using glued joints and nails as necessary. 


Figure 1 shows the 
placement of all the 
various components. 
Please note that the 
spare outlet is optional. 
The only reason it is 
there is because I 
needed a spot to plug 
in another machine in 
this area. (I added the 
receptacle later.) 


The drive arm is a 
simple fabrication and, 
when properly mounted 
to the motor shaft, lifts 
the door for ventilation 
when the heater is 
operating and then 
closes the door when 
the heater shuts off to 


The main housing shows all the components, including the main and prevent cold air from 
heater switches. The trap door is shown in closed position, 
thus closing the vent opening. 


entering through this 
fairly large opening. 
The motor mounts are 
made from purchased 
1 X 2-1. x 4" metal angle 
brackets and work well with 
the drive motor I chose. 


The limit switch mounts are 
made from the same type of 
brackets. The 5" center line 
dimension can also vary according 
to the particular motor used. 
After constructing, assembling 
and wiring all the items, mount 
and clamp the drive arm in the 
bottom position with the micro- 
switch engaged (button in, circuit 
open). Turn on SW and then SW 2. 
The heater will come on and the 
door will lift as the arm turns to 
the top position and stops when 
the upper microswitch engages 
(opens the circuit to the motor). 


HEATER 


3/4 x 11/2 
x 8" pine (4 pl) 


The junction box, spare outlet miteouneialies drive arm, 
relay and capacitor, as shown in Figure 1. 


The drive arm is in the up position and the trap door is open. 


3/4" pine 
(typ.) 


CAPACITOR BOX 
side view 


5/16 x 2 
stripper screw 


spring 
(2 pl) 


i f A | 
——a Seen es ee, 


(3) TRAP DOOR 
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iy A, wall 


5/8" dia x 11/4" 
spacer (2 pl) 


spacer 
1/2" dia. 


5 
Y 
(4) MOTOR MOUNT (5) LIMIT SWITCH BRACKET 
typ. typ. 
HEATER ON HEATER OFF 
S = start S = start 
Boe iva ae E = end. pedeee E = end 
: closed -~ NC = at rest. Closed -- NC = at rest. 
micro 
SW open --E NOT open --§ NOT 
O pressed in pressed in 
Le 
Lu 
: O 
= ra 
Il H 
ce | motor Ww 
SI 
n 
LU open -- S open -- E 
closed -- E closed -- S 
TO 
Ome Soll] | sd) aie Site Gee aees 
| 
© y Q | 
7 a4 | 
Oo 
E<—>5§ \ 
C) 
‘f il : 2 h 20h 
aw eater eater 
i — 7 Fr 110 Uw Le 110 
110 vac thermostat vac 110 vac vac 


heater 
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The thermostat should naturally 

be set to your desired comfort level. 
When the thermostat shuts the 
heater off, the arm will rotate to 
the bottom position because the 
relay has switched to the other 
position. When the arm engages 

the bottom microswitch, the motor 
will stop again and the trap door 
will be closed. The thermostat and 
relay will constantly open and close 
the door as necessary controlling 
the area heat and providing proper 
ventilation for the heater. 


The indicator light is mounted in 
a window that can be seen from 
my house 100 feet away and is a 
reminder that the circuit is still 
“armed” if I should forget to shut 
off the switches when I leave. (The 
thermostat may have shut off the 
heater.) In this electronic age, 
there are probably better ways to 
design this circuitry but because 
my only electronic training was as 
a radio mechanic in the Air Force 
in 1944, this was the best I could , 
come up with. 


Opening the door was easy since 
power was being applied, but then 
the power had to be shut off to stop 
the motor in the up position. I 
realized the DPDT relay would do 
the job and it has worked very well 
for many years. 


This unit was designed to work 
with a 35,000 or a 55,000 Btu 
portable forced-air kerosene heater. 
I have a carbon monoxide detector 
mounted and hard wired in the 
shop area, and I would never use 
the heater without this protection 
monitor. My garage is old and far 
from being air tight, but this 
automatic trap door device gives 
me that extra feeling of safety. The 
danger of carbon monoxide was 
brought home to me when a close 
neighbor told me just lately that he 
had lost his son-in-law to this 
problem. Safety should always be 
your first priority and, even with 
all these precautions, I’m well 
aware of the consequences of not 
being forever vigilant. 


The switches should always be 
turned on and off in the same 
sequence, i.e.; turn on No. 1 and 


BILL OF MATERIALS — Automatic Vent Door 


NO. QTY. NAME | MATERIAL SIZE (INCHES) 
1 1 Main housing plywood 34 x 2054 x 24 
2 plywood ex 8x 14 
2 | plywood aif 2 x 8 x 24 ie 
| 4 pine ¥x 1x 8 
1 pine ¥4 xX 32 x 24 
2 1 Drive arm steel ¥% xX 1% x 6 
1 aluminum ldia. x 
1 steel 2 dia. x 1% 
3 1 Trap door Beales ahs | ¥4 x 10 x 39 
2 pine ¥4 x 4x 10 A 
4 Motor mount steel bracket 1x 2x4 
2 _| steel |» dia. x 3 
5 2 Limit switch bracket steel bracket 1x 2%x4 
4 aluminum ‘8 dia. x 14 
| ee | 2 Cap box pine Yx2x7 | 
L 1 pine Yx2x3 
1 Plexiglas Vex Ae x7 
1 Plexiglas “%x2x A | 
ee 1 Main cover Plexiglas Vex 15 x 24 
8 1 Drive motor Japan Serro, U138A-1 


9 


1] 


1 


1 


DPDT relay 


Relay socket 


7 rom AC gear motor 


Potter & Brumfield, 8 pin, 
Coll 120 VAC, contacts 


10 amp, 125 VAC 
1: 


8-pin, plug-in 


Capacitor 


20 MFD, 370V, motor 


12 1 Electric octagonal box | steel, with cover 


plastic box with cover 


NC (amps to suit motor) 


110 VAC, colored bulb 


35,000 or 55,000 Btu 


13 | Relay mount 

14 2 Microswitch 

15 2 Electric octagonal box | steel, with switch 

16 1 Indicator light sid sacl 

17 1 Stripper screw 

18 1 Heater portable forced-air 
Kerosene heater 

19 1 Thermostat to match heater used 


Electric wire and assorted hardware: 


eae 


Wwx2x4 


ae 


Ae x 2" 


chain, S-hooks, tension springs, cup hooks, hinges 
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i... | Top photo: The trap door is open. One of the springs that 
holds the trap door tightly against the vent can be seen. 


| Bottom photo: The automatic vent door system is shown 
_ with the trap door closed and the heater in place. 


then No. 2, shut off No. 2 and then No. 1. Wait until 
the arm swings to bottom position and shuts off the 
motor before turning off switch No. 1. If you should 
forget, the arm will simply turn 360° and come back to 
its original position. At that point, just turn the 
switches off in the proper order. 


Ihave a 15 x 24" plastic cover for the front face. 

The two springs should be just strong enough to keep 
the door closed but not enough to overload the motor 
during the lifting operation. The relay is a general- 
purpose type. I assume any relay that meets these 
specs will do, if the one I have been using is no 
longer available. 


I ordered the motor, relay and socket in 1989. 
The capacitor and microswitch specs should meet 
the requirements of the motor being used. 


Supplier: Surplus Center 
1015 West “O” Street, PO Box 82209 
Lincoln, NE 68501-2209 
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Index/Angle Plate 


hile working as an instrument maker many years ago, 
W: had to produce numerous small, intricate parts from 

steel and brass plate and sheet stock. To do the 
constant layout work, I decided to build this index/angle plate 
fixture. It was always available to me at my bench without 
waiting for a tool crib fixture that was not being used. It was 
designed for layout work with a height gage and spotting holes 
with a center drill on a milling machine. This unit is not for 
performing major milling operations. I have done some limited 
light milling but, to prevent any rotation, I clamped (parallel 
clamp) Detail 3 and 4 to Detail 1 during the small, end-mill 
cutting phase. 


Starting with Detail 1, square up all outside edges to the 4" 
dimension. Mill the 1/16" X 1.0" groove and lay out all hole 
locations. Center drill, drill, tap, counter bore and ream all holes 
per print. Be sure to clamp the plate securely to the drill press 

e table while working up to the 3/4" and 7/8" diameter holes. 
DAA | CC) eke aa, 
SENINININE #51 Square up all the edges of Detail 2 in the milling machine. 

7 a: SN Machine the 1/16" x 1.0" groove and the 1/4" x 1-1/2" x 1/32" 
H (4 deep slot. Lay out all the holes and slots. Mount the piece in the 
drill press and add all holes. Drill holes in the slot areas to 
remove as much stock as possible using a 7/16" drill. Set up on 
the mill and finish machining the four 1/2" x 1-1/2" slots. Tap 
the two 1/4-20 holes and the two 4-40 holes. Stamp your name 
in the 1/32" x 1/4" x 1-1/2" groove using 1/16" metal stamps. 


Lay out the 4" outside diameter and all the holes for Detail 3. 
Drill and ream the 1/8" center hole. Add twenty 10-32 tapped 


3/4 dia 
6 places 


Drill and c’bore 
pel | 4-40 tap - 2 places 
for 1/4 SHCS Locate from Detail 8. 


2 places 
i I | ' 
Lt 
HEY 
oa | 
{ 1/16 
TOP PLATE 
mat’ - steel 
1 required 
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1/2 x 1-1/2 slot 
4 places 


2 ———+| 


1-7/16 ~~ 


3/8 typ i 


3/4 dia 
3 places 


3-1/2 


1/4 x 1-1/2 slot 
1/32 deep 


Arye places 


+ 1/2 1 required 
holes. Band saw the outside diameter close to the 4" 
layout mark. 


Mount Detail 4 in the lathe chuck. Turn the .752."" 
diameter (close slip-fit in an Oilite sleeve bearing] and 
machine the 1/32" undercut. Mount the piece in a 3/4" 
lathe collet and face the topside. Align the OD, clamp 
Detail 3 to Detail 4 and spot through to add 21 holes 
using a No. 21 drill. Enlarge the holes using a No. 8 
drill. Countersink for No. 10 FHMS at 4 places. 
Assemble Detail 3 to Detail 4 using four 10-32 FHMS. 
Mount the assembly in a 3/4" lathe collet and turn the 
OD of Detail 3 to the 4" diameter. Place Detail 4 in a 
3/4" collet and position it in a dividing head on the mill. 
Using a sharp point engraving tool, engrave all the lines 
from 0° to 359°. Make each 10° line 3/16" long, each 1° 
line 1/8" long and each 5° line 5/32" long. 


Engrave 1/8 lines every 1°, 
5/32 lines every 5° and 

3/16 lines every 10°. Stamp 
0° to 350° in 10° increments. 


No. 8 drill - 21 places 
Match with Detail 3 


(4) INDEX PLATE 
1132 mat’l - steel 


1 required 


C’sink for No.10 FHMS 
4 places 


5/16-24 tap 
1/2 deep 


150 The Shop Wisdom of James McKnight 


A457 (2) SIDE PLATE 
mat’l - steel 


10-32 tap - 20 places 
Match with Detail 4 


1 " 1 1 Wn 2 


(3) MOUNTING PLATE 
mat’l - O1 tool steel 
1 required 


Remove the part from the dividing head. Set up and, 
using a 1/16" number metal stamp, very carefully stamp 
all 3/16" divisions from 0°-350°. This is a very tedious 
job but with a little practice, a good eye and lots of 
patience, you can do a good job. 


Mount Detail 5 in a 1.00" lathe collet and turn 7/16" of 
one end for the 5/16-24 thread. Add centers at each end. 
Rough turn the 5/8" OD center section. Mount the part 
between the centers and finish turn the 5/8" OD with a 
radius at the bottom end and an angle at the top. Install 
the 1.00" OD end in a collet with the opposite end in 
the tail-stock center. Use a quick-acting “scissors type" 
diamond knurling tool (to prevent side thrust on center) 
to add the knurl. Run a 5/16-24 die on the end to make 
the threads. Next, drill the No. 11 x 3/8" deep hole. 
Make Details 6 through 9 per the drawings. Do not 
engrave Detail 8 at this time. Press fit the 3/16" 
diameter rod into the brass handle for Detail 9. 


Send Details 1, 2, 3 and 5 to a heat-treating facility and 
have them case-harden Details 1 and 2 to a medium 
depth (.020"-.040"). Harden and draw Details 3 and 5 to 
Rockwell C55-60. 


Press the Oilite sleeve bearing into Detail 1 and then 
mount both on the magnetic table of a surface grinder 
and grind both sides to clean up only. The thickness 
dimension I obtained is not critical as long as both sides 
are flat and parallel. Repeat the same procedure with 
Detail 2. Assemble Detail 1 and 2 using 1/4-20 SHCS. 
Set up on an angle plate on the surface grinder and then 
grind all outside edges and the face of Detail 2, as 
necessary, to maintain a 90° angle between the top face 
of Detail 1 and the outside face of Detail 2. 


Assemble Detail 5 to Detail 1 and clamp. Mount the 
assembly on the surface grinder table with Detail 1 face 
down. Grind the bottom of Detail 5 in line with top 
edge of Detail 2. Clamp the assembly (Details 1, 2, 5 and 
8) on the rotary index head and position in the mill. 


3-15 


SUPPORT LEG 
mat’! - drill rod 
1 required 


No. 11 drill 


equally spaced 


mat'l - steel 
1 required 


1° intervals. 


(8) INDICATOR 


mat’l - steel 
1 required 


Indicate the 1/8" center hole in line 
with the quill. Using a sharp 
engraving tool in the mill, engrave 
lines on Detail 8 at 1° intervals. 
Make the zero line 3/16" long and 
all others 1/8" long. Stamp the zero 
mark with a 1/16" metal number 


3/8 deep 6 places 


Engrave lines at 


Leg, Support 


1-1/4 dia 21/64 dia 


P| 


(7) WASHER 
mat'l - steel 
1 required 


Round off end: 


CLAMP PIN 
Mat'’l - drill rod and brass 
1 required 


stamp. Assemble Details 3, 4, 6 and 
7. The assembly of Detail 3 and 4 
must lay perfectly flat on the Detail 
1 top surface and rotate freely with 
no side play. Indicate the top of 
Detail 3 to assure parallelism. 


BILL OF MATERIALS 
[No | NAME _—*«| MATERIALS] SE—“‘“COS™SOC#dS;'#CQOV.C 
] Top Plate CRS, 1020 1/2" x 4-1/16" x 4-1/16" ] 
2 Side Plate CRS, 1020 1/2" x 3-9/16" x 4-1/16" 1 | 
3 Index Plate, Flat O1 1/4" x 3-1/4" x 3-1/4" 
Mounting Tool Steel 


ee eS LS a ee 
4 Index Plate CRS, 1020 A" dia x 1.00 : 
5 


Drill Rod 


6 Clamp Knob CRS, 1020 1.00" dia x 1-1/16" 
7 Washer CRS, 1020 WAT oe / 10". 15/18" 
—— 


] 
] 
1.00" dia x 3-9/16" ] 
] 
] 


8 Indicator Ground Stock, | 1/16" x 9/16" x 2" 
Steel 1 
9 Pin, Clamp Drill Rod 3/16" dia x 2-1/4" ] 
a ; =| 
Brass 1/2" dia X 1-1/16" ] 
Hardware: 
— 
1/4-20 x 1/2" SHCS 2 
10-32 x 5/8" FHMS 4 


| Oilite Bearing 3/4" ID (.753) x 7/8" OD (.878) x 1/2" Symmco No. SS-2428-8 ] 


4-40 x 1/4 SHCS 


| 


2 
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any long enjoyable hours were spent working 
M: this project and it proved to be very useful 

for precision machining and finish grinding 
of small intricate parts. 


Starting the fabrication process with Detail 1, set up 
the stock in the mill and machine both ends square 

to the sides and parallel to each other. Coat one side 
with blue layout dye and lay out the T-shaped area. 

On the band saw, remove the stock to maintain the 
5/8" and 3/8" “legs” a little oversize. Mount the part on 
parallels in the mill vise. Finish machine the inside 
surface and add the undercut. Turn the part in the vise, 
clamping on the 3/8" leg, and indicate the top surface 
parallel to the mill table. Machine the 3/8" deep by 
1/2" by 1/2" pocket. Rotate the part 180° in the vise, 
indicate and machine the other pocket holding the 
1.250" dimension. Do not add the .250" diameter 


1/2 
10-32 tap thru 


.125 dia ream hs 4 


Angle Vise 


reamed hole at this time. Remove the piece from the 
mill and coat it with blue layout dye. 


Lay out all of the hole locations and center punch. 
Set up the part in the drill press then drill, tap and 
counterbore as required. Lay out the 1.000" diameter 
hole. Clamp the part securely and drill to 3/4" 
diameter. Mount the part in the mill vise or an angle 
plate. Indicate (tram) the part so that the sides are 
perpendicular to the mill table and top surface is 
parallel. Finish bore the 1.000" diameter hole. Using 
a 1/ 16" slitting saw, cut the slot at a slow speed. 


Square up all the sides of Detail 2 in the mill. Lay out 
and center punch the hole locations. Mount the part 
on the drill press and machine the .187" diameter and 
the .125" diameter reamed holes. Add the clearance 
holes and counterbores for the No. 8 SHCS. Do not 
add the .375" diameter reamed hole at this time. 


Drill and c'bore for 
1/4 SHCS upper 
Tap 1/4-20 lower 


1.000 *:99 dia 


1/4 deep - 2 places 


+.002 


8-32 tap - 3/8 deep 
ME 4 places both sides 


[~~ 3.375 "990 


-125 dia ream 
1/4 deep - far side 


1 required 
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.375 dia ream 
(see text) 


.125 dia ream 
Match to 
Detail 1 


END PLATE 
mat'l- CRS 
1 required 


For Detail 3, clamp the stock in the 
mill vise and square up all three 
pieces. Coat the 3/8" x 2" x 4-1/2" 
stock with blue layout dye. Lay out 
all the holes and the 5/8" radius. In 
the drill press, drill the 1/2" and the 
5/8" holes. Also, add the clearance 
hole and counterbore for the No. 10 
SHCS and the ten 8-32 tapped holes 
along the sides. Clamp on parallels 
in the mill vise. Machine the 1/32" 
deep 1-1/2" x 3-3/4" relief pocket, 
5/8" radius and the 3/8" x 1/2" 
mounting areas for the two hinge 
supports. Hold the 1.250" dimen- 
sion. Machine the 1/4" radius and 
add two clearance and counterbored 
holes to the 3/8" < 1/2" x 7/8" 
pieces. Do not add the .250" 
reamed hole at this time. Mount 
these parts as shown and clamp 
with two 8-32 x 5/8" SHCS. 
Mount the assembled pieces in the 
mill vise or angle plate with the 


Drill and c'bore for 
#8 SHCS - 2 places 


8-32 tap - 3/8 deep 
5 places - both sides 


side of the main base placed horizontal. Indicate for 
parallelism to the mill table. Locate the center of the 
pivot hole, center drill, drill and ream the .250" 
diameter hole through both pieces. 


Detail 4 is a fairly complex part. Start by mounting the 
rod stock in the four-jaw lathe chuck and indicating for 
concentricity. Face off the end and add a center drill 
hole. Rough turn the 1.0000" diameter leaving stock 
for finish machining. Turn the part, end for end, 
indicate and add a center drill hole. Rough turn the 
.375" diameter to 7/16". Remove the part from the 
lathe, clamp securely and cut away the excess stock on 
the band saw. Set up in the mill and finish machine the 
top areas holding the 5/16", 1/4" and 3/32" dimensions. 


1.280 7°90 
=e 
a= = 


.250 dia ream 
2 places in line 
(see text) 


1/4 1/32 1/4 Drill, tap and c'bore 
3/4 typ for 8-32 x 3/8 SHCS 
4-1/2 2 places 


Ake \ 
POF 


CRD 


Drill and c'bore for 


#10 SHCS 


1 required 
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6-32 tap thru 


1/8 dia thru 
10-32 tap - 5/16 deep 


2-56 tap - 1/4 deep 


2 places 


2 places 
Locate at assembly. 


1/4 f pee dia bore 


3/32 dia thru 


.187 dia ream 
3/16 deep 


375 +988 dia 


Locate at assembly. 


Lay out the .500" x 2-5/8" slot. Drill four 3/16" 
diameter holes at each corner. 


Clamp the part securely in the drill press vise and drill 
several 7/16" diameter holes to remove the bulk of the 
stock. Set up in the mill and finish machine the slot. 
Mount the part on the lathe in a 7/16" collet and 
support opposite end with a live center. Finish turn 

the 1.000" diameter and face off the shoulder. Turn 

the part, end for end, and clamp it in a 1.000" collet. 
Support the opposite end with a live center. Finish turn 
the .375" diameter and face off the shoulder holding the 
3.375" dimension. Set up in the mill and machine the 
.750" slot in the bottom of the piece. 


Set up again on the mill, this time in an angle plate, 
with the 1.000" diameter end facing up. Indicate (tram) 
up and down along the edge to assure the part is 
perpendicular to the mill table. Indicate the 1.000" 
diameter on center. Locate, drill and ream the .312" 
diameter hole. Use an extension center drill and spot 
the .250" diameter by 3/16" deep counterbore at bottom 
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L_43 
| -3.375+.990___| 


+.000 4: 
1.000 "001 12" 312 dia ream 


(4) ROTATING BASE 
mat'l - CRS 
1 required 


Drill and c'bore for 
#8 SHCS - 2 places 


3/4 
$i 
] 


1-9/16 


5/16-24 tap 
Locate at assembly. 


.125 dia ream 
Locate at assembly. 


500 *-000 
500 *-050 dia 
(6) JAW MOUNT 
mat'l - CRS 
1 required 


end. Use an extra-long drill and add the counterbore 
(use a flat-bottom drill to finish). Locate and drill for 
the two 6-32 tapped holes. Reverse the part on the 
angle plate, indicate on center, locate and drill the 
3/32" diameter hole through. Next, clamp the part in 
V-blocks on the drill press. Locate and drill the 1/8" 
hole and then tap the 10-32 threads 5/16" deep. 

Tap the two 6-32 holes. 


Square up the stock for Detail 5 in the mill. Lay out and 
band saw the 1/2" x 5/8" (2) areas, as shown, to remove 
the bulk of the stock. Finish machine the .500" by 3/4" 
protrusion. Rotate the part 45° in the mill vise. Using a 
1/16" slitting saw at slow speed, add the two relief 
grooves. Add a small center drill hole in the exact center 
of the .500" x 3/4" face. Mount the piece in the four-jaw 
lathe chuck. Indicate the center-drilled hole with a 
wiggler and then turn the .500" diameter. Lay out, 
punch, drill and counterbore the two No.8 holes. Clamp 
the part in the mill vise and machine the angle at the 
3/8" and 9/16" dimension. Do not add the 5/16-24 tapped 
hole or the .125" reamed hole at this time. 


Square up Detail 8 in the mill. Drill and ream the .500" 
diameter and the .125" diameter holes. Blue layout dye 
both ends and lay out the 3/4" radius and bring to size 
on a belt or disk sander using a parallel clamp on the 
3/4" width. The radius is not critical. 


Mount Detail 10 in a 5/16" lathe collet and face to 
length adding centers at both ends. Turn the .250" 
diameter X 3/16" end. Next, clamp the .312" diameter 
end in a collet and support the .250" diameter end with 
a live center. Take very light cuts and machine the 
undercut and 5/16-24 thread. Mill the flat at the 

.312" end. Do not add the .130" groove at this time. 


To make the knob, Detail 11, mount the stock ina 5/16 


three-jaw lathe chuck and knurl the OD. Turn the 
3/4" diameter by 1/32" deep boss. Add the .312" 
diameter reamed hole. Remove the part from lathe 
and cut it to the 1/2" length on the band saw. 
Mount the part on a 5/16" diameter mandrel and 
face the part to the 13/32" width. Remove from the 
lathe and set it up in an index head on the mill. 
Add the four 3/16" diameter holes and one 8-32 
tapped hole through. 


The rotate scale, Detail 12, is mounted on a 1-1/2" 
diameter expansion arbor and both sides are turned 
to maintain the 5/16" width. Next, mount the part 
in the index head on the mill. Locate and drill two 
No. 42 holes. Engrave the 90°-0°-90° lines using a 
very sharp pointed tool. Remove the arbor and part 
from the mill and stamp with 1/16" numbers. 
Remove the part from the arbor and cut to length. * 


Lay out Detail 15. Drill and ream the .250" 
diameter center hole. Mount the part on the special 
arbor as shown in the illustration. Set up in the 


-5/8 
1 1/8 sa i 
1 
4/2 
8-32 tap 


index head on the mill and indicate on center. Locate 
and add the No. 42 hole. Drill and tap the 2-56 hole in 
arbor face. Clamp Detail 15 to the arbor with a 2-56 
SHCS. Engrave the 0°-90° lines. Remove the part from 
the mill and stamp with 1/16" numbers. 


Details 6, 7, 9, 13, 14 and 16 are fairly simple parts and 
should give you no trouble to fabricate. A cylindrical or 
tool post grinder will be required for Detail 16. 


Y 1_N. 
7/16 
Drill and c'sink 
2 places for #6 FHCS 
2 places 
MOVABLE JAW 
mat'l - ground steel FIXED JAW 
1 required mat'l - CRS 
1 required 
.500 dia ream 


; Scribe line 
reel i 1/16 
_ | 516 
ain 


.125 dia 


125 dia ream TILT INDICATOR 
mat'l - drill rod 
(8) JAW CLAMP 1 required 
mat'l- CRS 
1 required 


Flat for 
setscrew 


am GAN No H 


i = 
A AAA PSS 


312°*-000 dia 


.13 wide groove 
Locate at assembly. 


.250 *-000 dia 


.22 dia 


LEAD SCREW 
mat'l - drill rod 
1 required 


3/16 dia - 3/8 deep 
4 places equally spaced 
8-32 tap - 1 place 


Knurl 
3/4 dia 
1-1/2 dia 
3/16 .312 dia ream 
13/32 KNOB 
mat'l- CRS 
1 required 
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Engrave and stamp 
graduations to suit. 


2 places 


(2) ROTATE SCALE 
mat'l - steel tube 
1 required 


1/8 3/8 
NS a 
1/4 1B = | S 
#42 drill a ee /32 
2 places 


(13) ROTATE INDICATOR 
mat'l - ground steel 
1 required 


3/16 nil 3/32 


|p 


#18 drill (14) 
CLAMP 
mat'l - ground steel 


2 required 


Engrave and 


(is) TILT SCALE 


mat'l - ground steel 
1 required 


nace 


stamp graduations. 


WLLL, 


VERERH 


IN 


ih 


SETH reece 
— 


ASSEMBLY PROCEDURE: 


Place Detail 1 in proper position on Detail 3. Clamp 
the assembly to an angle plate on the surface plate 


with topside parallel to the surface plate. Spot 


through the .250" diameter reamed hole (hinge pin) 
into Detail 1. Use a 3/16" diameter then a “C” drill 


6-32 tap 
for SHCS 
and washer 
2-56 tap 
for SHCS 
Suitable 
diameter 


FIXTURE FOR DETAIL 15 
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Ao Oe dia 


10-32 thread 


GUIDE 


mat'l - AHSS 
1 required 


to a depth of 1-1/4". Turn the assembly over on other 
side, indicate and clamp. Repeat the drilling process to 
meet first hole. Ream the hole to .250" diameter 
through all three pieces. Press the 1/4" x 2" dowel 
(hinge pin) in place allowing a 3/32" protrusion for 
Detail 15. Ream Detail 1 or Detail 3 oversize, as 
required, to assure Detail 1 moves smoothly without 
chucking. Clamp Detail 3 to Detail 1 with 10-32 x 
1/2" SHCS. Clamp Detail 2 in place. Spot through, drill, 
ream and tap the holes for the 8-32 SHCS and the .125" 
dowel pins in Detail 1. Assemble Detail 2 to Detail 1. 


Clamp the assembly to the angle plate with the 1.000" 


diameter hole up and the sides perpendicular to the 
surface plate. Clamp a 1.00" diameter rod in the hole. 
Indicate the rod, on center, and remove the rod. Use an 
extension center drill and spot the .375" diameter hole 
in Detail 2. Drill and ream the hole to .375" diameter. 
When a through hole is established, Detail 2 can be 
removed for final drilling and reaming if no proper 
extension drills are available. 


Place Detail 5 in the slot of Detail 4. Place Detail 8 in 

the groove and on the .500" diameter protrusion. Place 
.003" shim stock between Detail 8 and “way” of Detail 
4. Clamp the assembly and set up vertically with the 


BILL OF MATERIALS | 
NO. QTY. NAME MATERIAL SIZE 
ical aeass CRS 2" 2" x A1/2! 
2 ha End plate CRS 1/2" x 5/8" x 2" 
3 Pyed base CRS 3/8" x 2" x 41/2" 


3/8h% 172" x1" he 


2 aaa Rens 


laa | oe | Clemo | Groundeteal | 3/498 sc 1/0" Solereual 


4 | 1 _[ Rotate base CRS 1-1/2" dia x 4-1/2" 

5 1 | Mount jaw CRS 3/4" x 1-1/2" x 1-5/8" 

6 1 Movable jaw Ground steel | 1/8" x 1" x1-5/8" 

7 ] Fixed jaw Ground steel_| 1/8" x 1" x 1-5/8" 

8 1 Jaw clamp CRS 1/4" x 1" x 1-1/4" 

9 1 Tilt indicator Drill rod 187" dia x 2" 

10 1 Lead screw Drill rod 312" dia x 4-1/2" 

11 ] Knob CRS 1-1/2" dia x 3" 

12 1 Rotate scale Steel tube 1-1/2" ID x 3/8" long 

13 1 Rotate indicator | Ground steel | 1/32" x 1/4" x 5/8" 
2 


14 Clamp Ground steel | 3/32" x 1/2" x 2-3/8" 

15 1 Tilt scale Ground steel | 3/32" x 1" x 1-3/8" 

16 1 Guide AHSS 10-32 x 3/4" 
Purchased Parts 

NO. ary. NAME SIZE 

A 1 SHCS 1/4-20 x 3/4" 

B 4 SHCS 8-32 x 1/2" 

C 2 SHCS 8-32 x 3/8" 

D 4 SHCS 8-32 x 1/4" 

E 1 SHCS 10-32 x 1/2" 

F 1 AHSS 8-32 x 3/8" 

G 2 FHCS 8-32 x 3/8" 

H 2 Dowel pin 125" dia x 3/4" 

J 1 Dowel pin 125" dia x 1-1/4" 

K 1 Dowel pin 187" dia x 1-1/2" 

L 1 Dowel pin .250" dia x 2" 

M pee Flat washer #8 

N 5 RHMS 2-56 x 1/4" 
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1.000" diameter down and Detail 5 and 
Detail 8 at the top end of the slot. Spot 
through Detail 8 into Detail 5, drill and 
ream for the .125" x 1-1/4" dowel pin 
(light press fit). 


Remove the .003" shim and re-assemble. 
Reverse the assembly and indicate on the 
angle plate with the 1.000" diameter up. 
Clamp Detail 5 and Detail 8 at the top end 
of the slot. Spot through the .312" diameter 
reamed hole into Detail 5. Drill through 
with a letter “I” drill (.272). Remove the 
assembly and tap the 5/16-24 hole. Be 
certain the tap is in perfect alignment with 
hole. Degrease and reassemble Details 4, 5, 
8 and 10. The Detail 10 end must be fully 
seated in the counterbore. Set up in T-blocks 
on the drill press and spot through the 

1/8" hole in Detail 4 into Detail 10 
approximately 1/32" deep. Remove Detail 10 
and mount it in a lathe collet. Pick up the 
spot and cut the .130" wide groove to the 
.22." diameter. Degrease and reassemble 
Detail 10. Install Details 16, 6 and 7. 


Install Detail 4 assembly into the 1.000" 
hole in Detail 1. Assemble Detail 2 and 
clamp with 8-32 x 1/2" SHCS. Install 
Details 9, 11, 13 and 15. Place a 6" long test 
bar in the vise, tight against bottom, and 
clamp. Place the vise on a surface plate and 
rotate Detail 4 until the bar indicates 
parallel to surface plate. Clamp with the 
1/4-20 x 3/4" SHCS. Install Detail 12 
(aligned with Detail 13). Spot through the 
holes with a No. 42 drill. Remove Detail 12 
then drill and tap for 2-56 x 1/4" RHMS. 
Degrease and mount Detail 12. Align the 
Detail 13 scribe line with the “zero” on 
Detail 12. Assemble Detail 14 and clamp 
with four 8-32 x 1/2" SHCS and washers. 


Set up the whole assembly with the 1.000" 
bore down. Spot through the .187" diameter 
reamed hole (in Detail 2) into Detail 4. Drill 
and ream the hole 1/2" deep. This hole is 
used as an index pin guide to maintain the 
zero position when Detail 4 is not rotated. 
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Precision 
Grinding Fixture 
for Tool Bits 


very often, but it is there when you need it. I 

have had occasions where a tool bit had to be 
ground to a particular shape, holding any angles to a 
close tolerance. I would first rough grind the bit on a 
pedestal grinder, and then finish it to the given size 
using this tool on a surface grinder and a generous 
amount of coolant. It may seem like a lot of work to 
achieve the end product but, again, I enjoy fabricating 
this type of tooling, even if it may only be used on rare 
occasions. I’m sure it could be used on other finish 
grinding jobs, such as punches, specialized tooling, etc. 
It also looks good on your tool shelf. 


T his is the type of fixture that you may not use 


Start the fabrication process with the main base (Detail 
1). Mount this base into the mill vise and square up to 
size. Lay out all the hole locations. On the drill press, 
add all the “lightening” holes. Clamp it securely during 
this procedure. Next, mount the base into the milling 
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machine vise and mill the slot as shown in Detail 1. 
Do not add the tapped or reamed holes or grind at 
this point. 


Rough cut the hinge plate (Detail 2) with a band saw 
to the outside dimensions. Set the hinge plate up in the 
mill and machine it to size, except for the 1/4" radius. 
Lay out, drill, tap, and counterbore all the holes except 
for the .250" reamed holes. Set the plate up in the mill 
vise, indicating Side A perpendicular to the mill 
tabletop. Locate the .250" hole locations, center drill, 
and drill a 15/64" diameter hole through one side. 
Rotate in the vise and repeat the process for the other 
side. Ream a .250" diameter hole through both sides. 
Add the 1/16" x 5/8" slot, using slow speeds and lots 
of cutting oil on the slitting saw. Mill a .250" radius 
on the top of the end supports, taking very light cuts. 
Do not grind Side A at this time. 


Lay out and rough cut the swivel plate (Detail 3) to the 
outside dimension using a band saw. Mill the 3/16" x 

5/8" areas and the 2-1/8" width. Disk/belt sand the rest 
of the part to size. Clamp the part in the drill press and 


2.1875 ream 


38 deep - 2 places 
(pa ry 
[ods oa] # 
a a a 


10-32 tap 


0.38 Q.13 airhole — 6.50 _—-:38 deep - 2 places 
3 places 2 places 4 places (locate at assembly) 
ee 
63 Br Wee A 
4 i * | ae 


2.00 ee 


cry | 160) E 
Oar Tel] tt 


r*—=- 63 


—.25 x 1.50 slot - .032 deep 


I 2.75 
—Grind this surface flat 
y 


BASE PLATE 
mat'l - CRS 
1 required 


Left side of the fixture. 


add the .750" diameter reamed hole. Set up the swivel 
plate in a mill vise, indicating Plane B perpendicular to 
the mill tabletop. Locate the .250" diameter hole 
location, center drill, and drill a 15/64" diameter hole 1" 
deep. Rotate the part in the vise and repeat the process 
for the other side. Ream a .250" diameter hole all the 
way through. Set the part up in the mill and add a 1/4" 
radius to form Plane B, using light cuts and plenty of 


2.188 ream - 2 places 


#8 Drill 
@ .31 c'bore - .18 deep 
2 places 


97 
#31 drill - this side 
ee @.25 c'bore - .12 deep 


2 places 


R.25 
- 2.75 -| 4-40 tap .06 slot 
-| 50 ee cece = 2 ee .62 deep 
baat if p 0 Te Bah, ft 


G.250 ream 


Side A 
(grind this 
surface flat) 


Oo — 60141 4 


i 1.250 ale 15 
3.38 2.00 


HINGE PLATE 
mat'l - CRS 
1 required 


Right side of the fixture. 


cutting oil. At this point, do not add the 2-56 tapped 
holes that are used to attach the indicators. 


Mount the bit holder (Detail 4) into the lathe collet or 
chuck. Turn the 3/8" and 1/2" diameter areas. Reverse 
and face the part to length (if 1.250" diameter is not to 
exact tolerance, you can bore the dial for a proper fit). 

Set the bit holder up in a V-block in the mill vise and 

slowly add the 3/8" slot. Lay out and add the 4-40 and 
5/16-18 tapped holes and 3/8-24 thread. 


Mount the end clamp (Detail 5) in a lathe collet 

or chuck. Turn the 1/2" diameter shank. Lay out and 
add the countersunk holes, as well as the 5/16-18 
tapped hole. 


@.250 ream 
.50 deep 
each end 


safr "9 


R.25 
—Plane B 


SWIVEL PLATE 
mat'l - CRS 
1 required 
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4-40 tap 
.25 deep 
4 places 


BIT HOLDER 
mat'l- CRS 
1 required 


4-40 ee 


— 25 
. 19 —+| 
1.250" 902 88 i 
Engrave marks 1.50 
every 10° 4. 
(see text) 
ROB typ - 032 


(6) DIAL 
mat'l- CRS 


1 required 


The dial (Detail 6) will require fixtures for the 
machining phase. Coat the material face with layout 
dye. Lay out all of the dimensions on the dial. Drill 
and ream a 1/2" diameter hole in the center. 


Using a band saw, rough-cut the dial to the 2-1/4" 
diameter. Mount the dial on a 1/2" lathe mandrel and 
finishing turning it to the 2-1/4" diameter. Clamp the 
part to Fixture 1. Mount this in a 1/2" collet and turn 
to a 30° angle to get the land area for the engraved 
marks. Rough cut the rest of the part to the outside 
diameter, using a band saw. File the part according to 
the outside lay out lines. 


Clamp the piece to the lathe faceplate, indicate the 
1/2" diameter hole on the center, and bore the hole 
for a good slip fit onto the bit holder. Drill and tap the 
4-40 hole. Set up this piece in Fixture 2, clamp, and 
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¢.50 +] 


5/16-18 
tap thru 


#31 drill and 
c'sink for #4 FHMS 


4 places 


END CLAMP 
mat'l- CRS 
1 required 


.18 dia - .25 deep 
4 places equally spaced 


@1.00 


CLAMP 
mat'l- CRS 
1 required 


mount the part on a mill, using an index or a dividing 
head. Tilt it to 30° and engrave the lines using a very 
sharp tool. Engrave 1°, 5°, or 10° lines, whichever is 
more practical for your needs. Stamp the numbers 
using 1/16" stamps. ‘ 


Turn the clamp (Detail 7) to the dimensions shown. 
Drill and tap the 3/8-24 hole. Clamp it in a drill press 
vise and drill the four 3/16" diameter holes. Location 
is not critical because they are used for clamping 
purposes only. 


Indicator A and Indicator B are very delicate. Lay out 
and add the holes, then saw and file them to the 
outside dimensions as close as possible. These are 
indicators only and can be adjusted in final assembly. 
Add scribe marks with a sharp-pointed tool. 


The major components ready for assembly. 


.50 deep 


| ®.500 


Fixture 1 


ASSEMBLY PROCEDURE 

Clamp the main base to the hinge plate in the proper 
position. Spot through, drill, ream, and tap the holes 

in the main base, including bleeder holes. Stamp your 
name onto the main base, if you so desire. The main 
base and the hinge plate will have to be case-hardened 
at a heat-treating facility. Assemble the main base onto 
the hinge plate with two socket head cap screws and 
two dowel pins. Set this up on a magnetic parallel on a 
surface grinder and finish grinding out the bottom area. 
Install the sleeve bearing onto into the swivel plate. 
Place the swivel plate in position on the hinge plate 
and insert the two dowel pins in place, leaving 1/8" 
protruding (these pins should be a snug slip fit and not 
a tight press fit). 


13) + 


@.500 LI 


Fixture 2 
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BILL OF MATERIALS 


+— 


PART NO. NAME MATERIAL SIZE 
] Main Base zi) CRS 1/2" x 2" x« 2-3/4" 
2 Hinge Plate CRS |s-1/2" x 1-1/8" x 2-3/4" 
3 Swivel Plate CRS 1/2" x 2-1/8" x 2-3/8" 
4 Bit Holder i CRS 1-1/4" Dia x 1/2" 
5 End Clamp CRS 1-1/4" Dia x 3/4" 
6 Dial at CRS 3/16" x 2-1/4" x 2-1/4" 
jee = 
7 Clamp CRS 1" Dia * 1/2" 
8 Indicator A dh CRS 1/32" x 3/8" x 3/4" 
9 Indicator B CRS 1/32" x 3/8" x 5/8" 
HARDWARE 
PARTNO. | TYPE SIZE 
A___|_ Sleeve Bearing | 1/2" ID x 3/4" OD x 1/2" 
peers Socket Head Cap Screw 10-32 x 1/2" 
C Socket Head Cap Screw 4-40 x 3/8" 
D | Dowel Pin = 3/16" Dia x 1" 
E Dowel Pin 3/16" Dia x 3/4" 
F Round Head Machine Screw [ 2:52 x 1/4" 
G Socket Head Setscrews 5/16-18 x 3/4" 
H Flat Head Socket Screws 4-40 x 1/4" 
J | Washer i 1/2" ID 
K Socket Head Setscrew 440 x 1/4" 


TO 


FRONT VIEW 
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Attach indicators 
with 2-56 x 1/4 RHMS 
Lacate at assembly 


Overall left side view eith the tool bit in place. 


Assemble the bit holder, end clamp, dial, and clamp, 
using the a socket head cap screw, socket head 
setscrew, a round head machine screw, a washer, and 
a socket head setscrew. Install a 3/8" tool bit in the 
bit holder and clamp it with a socket head setscrew. 
Indicate the bit so that it is perpendicular to’the base. 
Clamp the dial with the clamp. Locate Indicator A 


(8) CBA VIEW 


Overall right side view with the tool bit in place. 


(Detail 8) and Indicator B (Detail 9) with index marks 
in line with the scribe marks at zero and nine on the 
dial. Spot through, drill, and tap the three 2-56 holes 


in the swivel plate. Assemble Indicator A and 
Indicator B to the swivel plate, using three round 
head machine screws. 


#42 drill 
2 places 


03 —-| i 


Engrave mark on & 


INDICATOR "A" 
mat'l - CRS 
1 required 


.09 


#42 drill Engrave mark 


INDICATOR "B" 
mat'l - CRS 
1 required 
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Sine Plate 


years ago while working as an 

instrument maker for Kodak 
and attending Rochester Institute of 
Technology night school. It served 
me well in the precision grinding 
phase of many parts I had to produce. 


I made this sine plate many 


Fabrication starts with Item 1, the 
top plate. Band saw the two 7/8 x 
7/8" corner areas leaving 1/16" of 
stock per surface for semi-finish 
machining. Set up and clamp it on 
the milling machine, top face 
down. Mill out a 1/2" area on the 
left end and 5/8" on the right (for 
Items 4 and 5, the pivot and gage 
pins) down to .325" deep. Mill out 
the 14 x 1-14 x 3-3/16" relief 
slots. Mill the ends as required to 
meet the 6-1/2" length. Set up at a | 
20° angle. 


Remove stock down to the 3" 
dimension line. Clamp to the mill 
table and machine the 90° 
V-grooves by tilting your mill head 
or by using an angle cutter on a 
horizontal mill. Clamp in a vise 


and machine the 7/8 x 7/8" 
corner areas. Leave 
.005" stock for finish 
grinding as noted 
by the G symbols. 
Machine the 3/8" 
radius xX 1/8" 
deep relief cuts 
on both sides. 
Lay out and 
drill for all 
10-32 holes. 
Do not add 
the 8-32 
tapped holes 
on the 45° 
angle at this 
time. On the 
drill press, add the 5/16" diameter 
x 1A" deep pockets in 18 places. 
Drill and ream for 1/8" dowel pins. 
Tap all the 10-32 holes. 


Set up and clamp the baseplate 
(Item 2) on the mill table. Machine 
the ends to meet the 7" length 
dimension. Mill out the 14 x 
1.105 X 4" area at the left end. 


ASSEMBLY 
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Add two 5/32 x 1.0 x 5-14" 
cavities. Remove the workpiece 
from the mill, lay out, and add all 
the 5/16" diameter, 3/4" diameter 
and 10-32 tapped holes. Set up and 
clamp the workpiece on the mill 
table with its top surface down. 
Machine four 14" deep pockets as 
shown. Remove from the mill, lay 
out and add four 14-20 clearance/ 
counterbored holes and 1/2" 
diameter holes in 12 places. 


The left and right pivot supports 
(Items 3 and 8, respectively) should 
be machined together. First, mount 
them in the mill vise and square up 
both pieces. Leave .010" on the 
1.105" dimension. Clamp them 
together; drill and ream the .500" 
diameter holes in line with the 
.500" dimension at .510". Lay out, 
drill and tap the 1/4-20 holes and 
8-32, holes with counterbores. Lay 
out the 5/8" radius and trim away 
most of the material on a band saw. 
Using a belt sander, contour the 
5/8" radius to the lines. Set up in 
the mill; use a small .050" slitting 
saw and cut the grooves as shown. 


Install the pivot pin (Item 4) in a 
lathe collet and add centers. 
Machine the .500" diameter ends to 
the .510" diameter. Add relief 
grooves. Set up in the mill and 
machine the flats according to the 


drawing, maintaining a 90° angle. 
Add No. 8 clearance and 
counterbore the holes at a 45° 
angle. 


Install the gage pin (Item 5) in a 
lathe collet and add the centers. 

On your drill press, drill and 
counterbore for 8-32 AHCS. Harden 
and draw the pivot and gage pins to 
a Rockwell C-55/60 hardness. Set 
up the pivot pin in a cylindrical 
grinder and grind both ends to the 
.500" diameter dimension. Set up 
and clamp in the center fixture on 
a surface grinder and grind the flats 
to hold the .250" dimensions at 90°. 
Set up the gage pin in a cylindrical 
grinder and grind the OD to .500". 
Make the clamp arm (Item 6), the 
guide (Item 7) and the plates (Item 
9) as shown in the drawings. 


Clamp the pivot and gage pins to 
the top plate using small straps and 
utilizing 10-32 tapped holes or any 
other means to hold them tightly in 
position. Spot through to drill and 
tap 8-32 mounting holes for both- 
pins. Send the top and base plates 
and the left and right pivot supports 
(Items 1, 2, 3 and 8) to a steel 
hardening facility. Case harden to 

a medium depth (.020"—.040"). 


Place the top plate on a surface 
grinder magnetic table with the 
bottom surface down; finish grind 
the top surface. Turn the work- 
piece over, indicate the mounting 
surface for the pivot and gage pins 
parallel to the grinding wheel face, 
and clamp. Finish grind both 
mounting surfaces holding the 90° 
angle and removing a minimum 
amount of stock. The only critical 
areas here are to maintain the 
bottom surface .287" dimension 
and keep the mating surface for the 
gage pin exactly in line, parallel to 
the top surface and vertical mating 
surfaces for 4" width while holding 
the 5.000"+/—.001" dimension, 
again removing the minimum 
amount of stock so as not to 
radically displace the 8-32 clamp- 
ing holes. I ended up with the .287" 
dimension, but this can vary so 
long as the above instructions are 
followed. The bottom surface of the 
top plate can also be finish ground, 
if you desire, but it is not necessary 


Rm SINE PLATE 
ITEM NO. LACIE PART NAME MATERIAL i (INCHES) 
" 1 1 Top plate CRS, C-1020 ’x4x 6% 
2 1 Baseplate CRS, C-1020 Ywx4x7 
3 | 1 Pivot support, left CRS, C-1020 ah *xX1%x1¥% 
4 1 Pivot pin drill rod 58 diameter x 416 
5 1 el Gage pin | drill rod %e diameter x 4V16 
6 2 Clamp arm flat 0 - 1 tool steel vwx~x 46 
7 1 Guide flat 0 - 1 tool steel vxhx4 
8 1 Pivot support, right | CRS,C-1020 | Ax1v”x1% 
] 2 Plate CRS, C-1020 vex1x5% 
Hardware 
| 4 AHCS 10-32 x 36" 
4 AHCS 4-20 x V2" 
l 6 AHCS 8-32 x 56" 
2 FHMS 6-32 x V4" 
2 Dowel pin Ya" diameter x 1" 


since it would be cosmetic. 


Set up and finish grind the 2.225" 
dimension as shown. Finish grind 
the V-grooves with a 14" wide 
wheel dressed to the proper angle. 
The guide (Item 7) should be 
mounted and clamped to the top 
plate parallel to the ends. Spot 
through the .125" diameter holes 
from the top plate and ream for 
1/8" dowel pins. 


Mount the baseplate (Item 2) on the 
surface grinder magnetic table and 
finish grind the top and bottom 


Lid 


surfaces. I ended up with the .724" 
dimension, but this can also vary so 
long as both surfaces clean up and 
you maintain the .250" dimension 
by grinding the bottom of the slot, 
if necessary. Again, the outside 
edges can be finish ground if you 
desire. The left and right pivot 
supports should be finish ground 

all over. 


Start by mounting the parts on 

a .500" diameter x 6" long rod. 
Clamp the rod ends in two matched 
V-blocks on the surface plate. 
Indicate the front or back sides 


r 0 = 


33/4 


77125" dia. 


Aled 


ream (2 pl) 


ee bt | eathie— 


Section B-B 


typ. 
di ! 
3/8" typ. 
/ ce nN 
| _»B / f | 
“5/16" dia. x 
— 25/8 —_—— 1/4" deep 
(18 pl) 
VIEW A-A 
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Section D-D 


~ 


—drill and 
c'bore 
1/4-20 
Allen head 


cap screw 


(4 pl) 


| 1 
rm 5/8 lanéle 


LNT L 


parallel to the plate. Clamp 
securely. Mount the assembly on 
the surface grinder and grind the 
top surface so the side is parallel to 
the .500" diameter holes. Remove 
from the V-blocks, mount the 
ground side down on the magnetic 
table and grind the opposite side. 
The 1.105" dimension should be 

a nice sliding fit in the baseplate. 
Hold the .500 dimension to .505". 


Mount the pivot supports to the top 
plate. Use a .500X6" test rod 
clamped in the reamed holes, lay 
the assembly on the surface plate, 
and indicate the rod top ends for 
parallelism to the top of Item 1, the 


ns. rene a 
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—drill/tap and 
\ chore 8-32 


2.225 


see text 


(3) LEFT PIVOT SUPPORT 
; CRS 
1 required 


(7) “ies 3 | 3/8'R ~~ | | 
(1 TOP PLATE ‘YP. a (5/8 - 
a /2 5.000*: 

CRS OG ‘001 CG CG 


] required 


ns qc a 51/4— 
F (2) BASEPLATE 
ae CRS 
aig po ta 1 required 
, (4)PIVOT PIN 
~~ drill ro 
1 required 


_ 250 \10-32 (10 pl) 
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drill and c'bore 
8-32 AHCS (2 pl) 


typ. on (4) 


-!500-— 


& 


(5) GAGE PIN 
drill rod 


] required 


1/8 “ Ee ; ee 


©) 


On 
~ 
z 


drill and 
c'sink 6-32 
FHMS 


at 


9) PLATE 
Y CRS 
2 required 


top plate. Use a .500" gage block on 
its top surface, then remove and 
grind the bottom of the pivot 
supports until the rod is exactly 
parallel and the top surface is in 
line with the top of the gage block. 
Mount the pivot and gage pins to 
the top plate. Mount the pivot 
supports and the above assembly 
to the baseplate. Install the 14-20 
AHCS. Check to see that the gage 
pin is exactly parallel to the top 
surface of the top plate. Tighten the 
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ream 1/8" (2 pl) 


(6) CLAMP ARM 
tool steel 
2 required 


GUIDE 
tool steel 
] required 


8-32 clamping screws so there is no 
play between the pin and the 
mounts, but the top plate is still 
free to pivot. If necessary, add peel 
washers at the 2.225" dimension 

to prevent any chucking. 


Install the plates indicated as Item 
9 in the cavities and clamp with 
6-32, FHMS. These were originally 
intended to be engraved with the 
sine table and corresponding gage 
blocks for angles from 0° to 45°. 
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(8) RIGHT PIVOT SUPPORT 
CRS 


1 required 


This is icing on the cake and can 
be done if you wish and have access 
to the engraving equipment. 

Since sine tables are available in 
numerous handbooks, I did not 
engrave these plates. The proper 
gage block stacks can be found by 
using formula A = 5 Sine 0 - “A” 
being the gage block height and 0 
being the angle required. Assemble 
the clamp arm (Item 6) and the 
guide (Item 7). Use the 18" dowel 
pins to hold the guide in place. 


V-Block/Center 
Drilling Fixture 


his V-block/center drilling fixture is a very useful tool 
i when it comes to adding holes along the length of a piece 

of rod stock. It can also be used as a regular V-block 
clamping fixture for milling, grinding, and so on. The V-block 
(Item 1) is machined from a piece of 1-1/2 x 2-1/2 x 5-3/8" 
steel. In three other projects submitted to HSM, I specified CRS, 
C-1020 material. Since all of the tools fabricated during my 
instrument making assignments were made in the late 40s and 
50s, and my memory is fading very quickly, I have just assumed 
that’s what was used. Please feel free to use any steel available 
that is fairly easy to machine and can be readily hardened. 


Square up the ends of Item 1 in the milling machine; maintain 
a 5-1/4" length. Apply layout blue all over. On the surface plate, 
lay out your block according to Items 1 and 2. Set Item 1 up in 


2-1/2 


MAIN CLAMP 


CRS 5/16-24 
—!6 1 required 


2 
| D ier _ 


2-3/4 


i: 


the mill, rough and semi-finish to 


1-3/8" deep the dimensions. Leave .005" on the 
(1) V-BLOCK surface, indicated by the symbol G 
~ CRS (finish grinding surfaces). Add new 
ae dye as necessary to lay out all the 
/ 38-16 x 1/2" deep = 1/2 Fi 8-32 hole locations. Set up on the surface 
¥ 3 


/ (pl) 


plate and scribe your hole locations. 
Center punch, mount on the drill 
press and add all the holes shown. 
Then tap the four holes. If using 
CRS, harden Item 1 to a medium 
case depth of .020" to .040"; 
otherwise, harden as required. 


Als x Set up on the surface grinder. Finish 
grind all surfaces indicated by the 

ae symbol G. You will need a good 

Section A-A angle plate and a V-block in which 
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you can safely clamp Item 1 in order to grind a 90° V 
area. A magnetic V-block would be good, if available. 


Apply blue dye and lay out Item 2 according to the 
drawing. Drill 1/8" diameter holes for two relief areas. 
Band saw as required to leave the minimum stock for 
machining. Set up in the mill and finish machine as 
noted leaving .005" stock on the surfaces to be finish 
ground. A keyway cutter can be used in areas requiring 
sharp corners where an end 


ow: ; 2 5/8 
mill is not feasible. Apply Sees r = 
dye and lay out all holes. ieee Co") 
Drill two holes and tap, knut1 | sie d 
following the drawing. a ouaA 
Harden as you did Item 1. 1-1/16 
Set up in the surface grinder eae KNOB 
. 9 stee 
and finish the required 3 required 
7/16~ 125 -250 — 
typ. fi +, 
1.0 (@) LEGS 
' 2 required 

- G CRS 

4-40 (one w/o 8-32 tap) 

(4 pl) 

DB HOLDER 
CRS 
1 required 
surfaces. Note that some of the 
outside surfaces are shown as 
drill, c'sink 


being ground. This was strictly 
for cosmetic purposes and 
is not required. 


Items 3, 5, 6, 8, 9 and 11 require 
only straightforward machining 
and knurling, so they should 
cause no great difficulty. 


1 e it a 
Sj 


ae drill 


No. 8 (2 pl) 


(5) CLAMP, A (6) CLAMP, B 
steel steel 
1 required 2 required 


1 


J 
5/32" flat—~ 


(8) STOP ROD, ADJ. 
drill rod 
1 required 


| 


—~ “8-32 


we 1-3/8 
(2 pl) 


(9) HOLDER, SR 
steel 
1 required 


C=O" 
. = 944/2 
5/8 = 
| 
= sores 1 
1 3/8 | 
3/4 I 
: 
(10) 3-1/4 
CLAMP HANDLE 
steel and drill rod 5/16-24 
1 required 


(oh Mae een 


6 —————— 


45/32" flat 


(41) FIXED STOP ROD (12) DRILL BUSHING 
drill rod ical drill rod 
1 required as required 


Lay out Item 4. Drill two 1/8" diameter holes for relief 
areas. Set up in the mill, rough and semi-finish 
machine. Drill and tap the seven indicated holes. 
Harden as you did Item 1. Mount in a surface grinder 
and finish the surfaces marked with a G. Note that 
Items 4 and 5 will be adjusted for height and then 
clamped to Item 7. 


Item 7 (two) can have the 1/8" relief holes added and 
then be machined together. Again note that the sides 
and one end are ground for cosmetic reasons. Add an 
8-32, tap to one piece. Harden as you did Item 1. Set up 
and grind where indicated. The .370" dimension is held 
to assure a nice sliding fit in the Item 1 groove and to 


BILL OF MATERIALS 


NO. | QTY.| PART MATERIAL DIMENSIONS (INCHES) 
1 1 | V-block CRS C-1020 11%x 2% x 5% 
2 1 | Clamp, Main CRS C-1020 % xX 27% x 2% 
3 2 | Knob, Clamp brass 58 dia. x 2 
4 1 | Holder, DB CRS C-1020 %x 1x 2% 

5 1 | Clamp, A steel Wax YX 2% 
6 2 | Clamp, B steel vax ex Rh 
7 2 | Leg CRS C-1020 %x % x 2% 
8 1 | Stop Rod, Adj. drill rod % dia. x 6 % 
9 1 | Holder, SR steel Ya X 3/4 X Ve 
10 1 | Handle, Clamp _ steel 5 dia. x 3% 
1 drill rod YM dia. X 2% 

11 1 | Stop Rod, Fixed = drill rod ¥% dia. x 3 

12 | as | Drill Bushing drill rod 5~ dia. x 1.0 


Allen head setscrew 


Hardware 


4 | Allen flathead screw 4-40 x % 
2 | Allen head cap screw 10-32 x 
1 | Allen head setscrew 10-32 x % 
3 


8-32 x % 


hold the drill bushing exactly perpendicular to the 


V-ways. 


Item 10 is turned from a piece of 5/8" round stock. 
In the lathe, turn it to .312" diameter for 2-1/2". Use a 


5/16-24 die and add threading. Set up in your 5/16" lathe 
collet, and face the end to 3-1/4" total length. In the drill 
press, on a V-block, add a .250" diameter reamed hole for 
the 1/4 x 2-1/2" handle. Press the handle into place. 


Item 12 is a typical drill bushing made in the lathe from 
5/8" diameter round stock. The center hole A will be of 
various sizes depending on the number of bushings 
required. Harden after fabricating to assure a long life. 
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Filing Parallel 


his is a small but interesting project. 
| Very seldom do you require a filing parallel - 
but when you do, this tool works very well. 
It can be used not only to file a sheet metal part to 
a given layout line but can also be utilized to bend 
small segments. I managed to produce numerous small 
intricate parts made from sheet brass, aluminum, 
copper and steel during my time as an 
instrument maker. 


7 


Start the fabrication with the fixed and movable 
parallels (Parts 1 and 2). These parts can be machined 
together. Set up your raw stock in the milling machine 
vise and trim both ends square, holding the 4" length. 
Apply blue dye and lay out all hole locations. Clamp 
these two pieces together. Center punch, drill and ream 
the two 1/8" diameter holes through both parts. Remove 
the clamps, deburr and reassemble by pressing two 1/8 
x 1.0" dowel pins in the holes. Center punch, drill and 
ream three .375" diameter holes through both pieces. 
Disassemble, discard the 1/8" dowel pins, drill and tap 
for three 8-32 holes and two 1/4-20 holes in Part 1. 
Drill and tap 4-40 holes in Part 2. Add counterbores at 
four places in Parts 1 and 2. Harden and draw Parts 1 
and 2 to a hardness of Rockwell C-55/60. 


Make Parts 4, 5, 7, 8 and 9 as called for in the drawing. 
Knurl the knob (Part 8) and use a 10-32 die to thread 
Part 9 (clamp screw) while still at stock length in the 
lathe. Remove the workpiece from the lathe and rough 
band saw it to length. Mount the knob on a 3/8" 
mandrel in lathe and machine it to 3/8" width. Add 
chamfers. Mount the clamp screw in a 3/8" collet and 
face it to length. Press the rod into the knob for Part 7. 


Mount the fixed adjuster (Part 3) in lathe. Drill and 
ream the center hole. Turn the .625" diameter and add 

a relief groove. I cut the 5/8-32 thread on a Hardinge 
lathe, but in Figure 1, I have shown what I would have 
to do today to cut the same thread on my old 9" Model 
A South Bend lathe. I first reversed the normal rotation 
of the lead screw by moving the feed reverse lever to the 
down position, and put the headstock in back gear 
position. Using special threading tools I ground for this 
job and a dial indicator as shown, I brought the tool into 
positions at the relief groove without touching the 

Part 3 body. 


Turn the spindle by hand just past zero on the dial and 
then onto zero in the out-feed direction. Feed your 
threading tool in (Y-axis) and remove a few thousandths 
at a time until you reach the proper depth of .015". 

Be very careful to turn the motor switch on in the 
proper direction to move the carriage out. 
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Remove the workpiece from your lathe and rough saw 
to length on the band saw. Mount it in a step collet. 
Set it up in the lathe and face it to length. Set it up in 
a step collet on the mill dividing head and add two 
holes and countersinks. 


Mount the moving adjuster (Part 6) in the lathe. 

Drill and ream the .376" center hole. Bore the .595" 
diameter x 3/16" deep hole. Set up your threading tool 
as shown in Figure 1. Follow the same directions given 
for Part 3 and cut the internal thread according to the 
drawing. Use Part 3 as a gage for a good fit. Cut with 
the band saw and trim to length. Finish grind Parts 1 
and 2 all over on the surface grinder. 


Assemble the guide pin (Part 4) and adjusting pin 

(Part 5) to the fixed parallel (Part 1). Secure with 
setscrews. Mount the fixed adjuster to the movable 
parallel. Install the springs (Part 10). Assemble the 
movable parallel to the fixed parallel. Lap three .376" 
diameter holes in the movable parallel, if necessary, to 
assure a good slip fit. Degrease completely to remove all 
traces of lapping compound. Press the handle into the 
moving adjuster. Press the clamp screw (Part 9) into the 
knurled knob (Part 8). Thread the moving adjuster 

(Part 6) onto the fixed adjuster (Part 3). Screw the 
knurled knob (Part 8) into the adjusting pin (Part 5). 


4 > tool feed (S 
threading tool 


lath spindle rotation 
ie 
(3 carriage 


dial indicator 


Figure 1 
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[| 

Le a 

| typ. | 
12 3 


| / 114" c'bore (typ.) vs 


drill 375" 
/ (pl) ; 
/ —drill .376" 
/ 118" ream f 
/ (3 pl) 


é |) FIXED PARALLEL 
~~ 01 tool steel 
ground stock 
1 required 


13/16 —» 


(2) MOVABLE PARALLEL 
01 tool steel 
ground stock 

1 required 


1/8 x 1/2" flat 


=} 


oie 375 &—1-5/16—= 


ill No. 
geyNes's1 (4) GUIDE PIN 
4-40 FHMS drill rod 
Yi (2 pl) 2 required 
<ream .376" 
5/8-32 LH — 
7 10-32 es 1/2" flat 
a aseSe 
| 
-— 1.9 ——=! bain ———— 41-1116 =| 
(3) FIXED ADJUSTER (5) ADJUSTER PIN 
CRS drill rod 
1 required 1 required 


ae 


_h—1.0 ——+ 
(6) MOVING ADJUSTER 
= CRS 


1 required 


os ff 
(8)KNURLED KNOB 
CRS 
1 required 
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Note that Photos 2 and 3 show two 
extra 1/8" reamed holes. These are 
not required. The 1/4-20 tapped 
holes in the fixed parallel are used 
to secure this tool to a plate that in 
turn can be mounted to your bench 
or in a vise. Of course, the clamping 
effect could be achieved by using a 
straightforward right-hand knurled 
knob, but I like the quick-change 
cam action of the lever. It also 
made this project a little more 
challenging. Cutting external thread 
to a shoulder is a little tricky. 

I found the best solution was to 

use two different threading tools 

so I could cut out and away from 
the shoulder. 


BILL OF MATERIALS 


\ - HANDLE 
drill rod and Phenolic 


1 requi 


-»! 1/2 NO. | QTY.| PART 
2-1/2 — 1 | 1 | Fixed parallel 


MATERIAL 


SIZE (INCHES) 


01 tool steel 
ground stock 


1/2 x 1-1/2 x 4 


ired 2 Moving parallel 01 tool steel 1/2 xX 1-1/2.x 4 
ground stock 
3 | 1 | Fixed adjuster CRS 1.0 dia. x 1 
4 | 2 | Guide pin drill rod 3/8 dia. x 1-3/8 
5 | 1 | Adjuster pin drill rod 3/8 dia. x 1-3/4 
_376" dia. 6 | 1 | Moving adjuster CRS 1.0 dia. x 1 
7 | 1 | Handle drill rod 3/16 dia. x 2 
1 Phenolic 1/2 dia. x 1 
al 8 | 1 | Knurled knob CRS 1/4 dia. x 1 
9 | 1 | Clamp screw CRS 3/4 dia. x 1 


10-32—~ a 
ee 2 it ee 10 | 2 | Compression spring | music wire .040 x .235 OD x 3/4 
— i Hardware 
| 2 | Machine screw 4-40 x 3/8 flathead 
(9) CLAMP SCREW Allen setscrews 8-32 x 1/4 
ad i 2 | Dowel pin 1/8" dia. x 1" 
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(Fabrication aid only) 


Self-centering Drill Jig 


W hen making wood joints, I usually use the Section A-A ae 
“biscuit” method. Sometimes I prefer to RN XM 7 
NEES 


use dowels and this fixture has come in 


very handy for that and other situations where L (ese We oalee ee aul 
I need some holes in the center of a part. 6 = 

Des: rh 4-40 7507 002 562" t 1/4 
Start fabrication by machining Side A, Item 1, i Bo ¢ ~.000 562" typ. if 


and Side B, Item 2. Square up all sides in 


a milling machine holding the outside dot ; 
dimensions. Clamp Item 1 (Side A) in the mill \ q 
vise on two parallels. Machine 1/4 x 1-1/2 x 2" yy 2 


pockets in two places as indicated. Do not add A 
the .562" or .750" diameter holes at this time. 
Drill and tap the 4-40 hole. Repeat the above 


procedure for Side B (Item 2). In the mill, a 
machine Side B to its outside dimensions. Bt - 2-3/8 on Section B-B 
ie 4-3/4 : Note: 
A B ¢ D E Dia. (4) SIDEA Clamp with (3 )Drill Jig 
A= .250 z before adding holes 
B= 312 @)/SIDE ve 562" and .750". 
C= .375 dep 
D = 437 1 each required 
E = .500 
F =.562 your drill press table. Drill and ream the .562" 
ae a diameter holes through all three pieces. Drill 
and ream the .500" diameter hole at the .750" 


location. Mark all three pieces for proper 
re-assembly. Remove the clamps and set up 
Side A in the mill vise. Indicate the .500" dia- 
meter hole on center. Bore the hole to .750" 
diameter. Repeat the procedure for Side B. 
Ignore the four small tapped holes next to the 
.562." diameter holes shown in the photos. 
They are no longer required. Add 4-40 tapped 
holes in Sides A and B. Add two 10-32 tapped 
Note: Sandwich between (1) and (2) holes in the drill jig (Item 3). 


before adding .500" and .562" dia. holes. 


(3) DRILL JIG 
CRS 
1 required 


In the drill jig (Item 3) lay out, drill and 
countersink holes A through E. Make sure 
they are in the exact center of the 5/8" 
width. Do not add holes F through H or 
the 10-32 tapped holes at this time. 


Lay out the .562" and .750" hole location 
on Side A. Clamp Side A, Side B and the 
drill jig (Items 1, 2 and 3) together with 
the pockets out and Item 3 sandwiched 
between 1 and 2 with all top surfaces at 
the same level. Clamp the assembly to 


The drill jig viewed from the handle side. 


The drill jig viewed from the back. 


3/16" flat 


1/2-13 RH 


IT 
ro : (2) PATE ITA EE 
.040 | 1/32" 
: “ center drill typ. “deep 5/16 
Maw both ends 4-5/8 
| Laie x 1/32" deep (6) DRIVE SCREW 
CRS 
GUIDE SHAFT - 1 required 
drill rod 
2 required 
: Note: Spot the 1/8" 
Set up the guide shaft (Item 4) in the lathe. Cut a 3/16 120 "| r 718 slot and lay out the 
x 1/32" deep groove in both pieces. Polish the outside ; ts eisai dh 
diameter to reduce it to .436". Set up the Item 6 thread ~ : ae ae ‘ awe 
bushing in the lathe. Turn the .748" diameter. Add a E>) nee | L 4.0 C+) - 
center hole using a 27/64" drill and finish with a 1/2-13 4) a 4 SS yy 
right-hand tap. Do not machine the 7/8" width or the - a sonia } 4/8 
1/8" slot at this time. Remove the workpiece from the A 


lathe and cut it to its 5/8" length on the band saw. 


Install it in your 3/4" lathe collet. Face the part to its TRREAD RUSTING 


.530" length. Repeat the process for the other thread (6)A=1/2-13RHtap (7) A=1/2-13 LH tap 


bushing (Item 7), except use a 1/2-13 left-hand tap. ; ee on 


Side A. Side B. 
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Set up the drive screw (Item 5) in the lathe. 
Add centers at both ends after machining it 
to length. Machine the relief grooves. Install 
your workpiece in a 1/2" lathe collet and 
support the opposite end with a live center. 
Machine the 1/2-13 right-hand thread. 

Use the Item 6 thread bushing as a gage for 
a good running fit. Machine a .040 x 1/32" 
deep truarc ring groove at two places holding 
the .625" dimension. Reverse the part in the 
collet. Cut a 1/2-13 left-hand thread using 
the other thread bushing (Item 7) as a gage. 
Machine a 3/16" flat in the milling machine. 


knurl 


drill 17/64" 


OOO OOOO 


XXX XK 


(8) HANDLE 
aluminum 
1 required 


Mount the handle (Item 8) in the lathe. Drill and tap 

for the 1/2-13 left-hand center hole. Knurl the outside 
diameter. In your band saw, cut it to a 2" length. Set the 
workpiece up in the lathe. Machine to the 1-7/8" length 
and chamfer. Clamp the handle in the drill press vise, 
add the 10-32 tap and drill the 17/64" hole. 


Send your drill jig to a steel hardening facility. 

Case harden it to a medium depth (.020" to .040"). 

I also had an iridite finish applied to Items 1 and 2 and 
black oxide added to Item 3. This of course is optional. 


The handle and thread bushings. 


Assemble all items as follows: Install four Oilite 
bearings flush to the inside surface and protruding on 
the pocket sides. Be very careful to align them properly 
in the holes before seating. Install the two guide shafts 
in Side B and clamp with 10-32 x 3/8" setscrews. 
Assemble the two sides and the drill jig. Make sure they 
slide freely. If not, polish the guide shaft for a smooth 


The drill jig with the guide shafts and drive screw. 


BILL OF MATERIALS 


[ no. QTY.| NAME MATERIAL SIZE (INCHES) 
=a 

2 

3 

4 

5 

6 

7 


Side A aluminum, 6061—T6 | 12 x 2v%2 x 6 
Side B aluminum, 6061—T6 | 72 x 2% x 6 
Drill jig CRS, 1020 5a x1%ex6 
Guide shaft drill rod “Ae diameter x 4 


oe oe Sa. SNe ee: 


Drive screw CRS, 1020 V2 diameter x 45 
Thread bushing | CRS, 1020 1.0 diameter x3 
Thread bushing | CRS, 1020 

8 Handle aluminum, 6061—T6] 1.0 diameter x3 u| 

Hardware 

4 Oilite sleeve bearings 6 IDX %6 OD X 1.0 

2 Allen head setscrew 10-32x% 

1 Allen head setscrew 10-32 x % 

2 Allen head cap screw 4-40 x ¥8 

2 


7/6 ID X .035 thick 


Truarc ring 


sliding fit. Then disassemble 
temporarily. Install the drive screw 
(Item 5) in Side B and secure with 
truarc rings. Assemble Sides A and 
B and the drill jig. Add the thread 
bushings and turn them until they 
seat against outside surface. 

Lay out for the 7/8" width and 1/8" slot over the 4-40 
tapped holes. Remove the thread bushings. Set the 
assembly up in the mill and machine to the 7/8" width 
and add a 1/8" slot. Re-install the thread bushings. 
Capture with two 4-40 Allen head cap screws. Install 
the handle and clamp with a 10-32 x 1/4" Allen head 
setscrew. Using 1/4" metal stamps, add hole indicators 
as shown in the photos. 


7 
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A left side view of the author’s miniature 
height gage. 


Miniature Height Gage 


any of my assignments as an 
instrument maker working in 
research and development involved —_gp5_ 


producing parts from brass and stainless steel 
sheet stock. I had to constantly use a height 
gage, angle plate, rotary index fixture and 
surface plate. Because these were fairly small, 
intricate parts, I decided to build this 
miniature height gage as one of my night 
school projects. Because it was always 
available from my own toolbox, it reduced 
the constant trips to the tool crib. 


Start the fabrication process with the housing (Item 1). 
Mount the stock in a lathe chuck and indicate true. 
Face the end, center drill and drill a 1/2" diameter hole 
halfway through. Reverse the piece in the chuck, 
indicate, and face to length according to the drawing. 
Center drill and run a 1/2" diameter drill through the 
part. Run a 9/16" and 39/64" diameter drill through. 
Finish ream a 5/8" diameter hole. 


Remove from the chuck and mount on a 5/8" mandrel. 
Set up in the lathe collet and support the opposite end 


with a live center. Turn the outside diameter to 1.011". 
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A front view of the height gage. 


2-56 x 3/16" deep 
3 pl on .818" dia. BC 


5 


t 


3 
E 


A right side view of the height gage. 


2-56 x 3/16" 
pee ee deep 2 pl on 
15/32—=>—=- — 2-3/4 —— 4 | .818" dia. BC— 


Y 
42-56 x 3/16" deep | -250 


(4) HOUSING (2 pl) O00 


CRS-1020 


Remove the mandrel. Set up in the dividing head on 

the mill. Indicate on the center. Add three 2-56 tapped 
holes at one end. Reverse and add two 2-56 holes at the 
opposite end. Press a 5/8" diameter x 1.0" brass plug 
into the right end. Clamp horizontally in the mill vise 
with one 2-56 hole at the left side at the top. Mill the 
slot with a 3/16" diameter end mill. Increase the size 

to the indicated .250" with the sides smooth as possible. 
Mill the .015" deep groove. Rotate the part 30° and add 
all 2-56 tapped holes. 


Mount the base (Item 2) in the lathe chuck. Indicate 
to run true. Face the end and bore a 1-11/16" diameter 
x .020" deep counterbore. Mount in the step collet or 
lathe chuck. (If using the chuck, make sure the faced 


! 1.010 

/ (see text) 
press fit 
Item 1 


1 


_.250 


fran Alara 


1-116 


A 


Lae 
pba tule a. Sowola§ 


(2) BASE 
~CRS-1020 


No. 42 drill 

on .818" BC 
c'sink for 2-56 
FHMS (3 pl) 
equally spaced 
opposite side 


ares | i 
250 959 f 
oH .625 

\©-% G as oY 
N f 
No. 42 drill on ? } I 
.818" BC .097 
c'sink for 2-56 FHMS 


(2 pl) equally spaced engrave line 


(3) BOTTOM INSERT (4) TOP INSERT 
~ CRS-1020 CRS-1020 


end is parallel to the chuck face). Machine to its .626" 
width. Turn the 1-13/16" diameter and blend in the 
radius. Break all corners. Mount in the four-jaw lathe 
chuck and offset the part by 1/4". Indicate the front face 
to run true. Drill and bore a 1.010" diameter hole. 
Clamp to the mill table, indicate on the center and mill 
the 7/16" slot, leaving the.108" dimension at .113". 


ob 


—-4-15/16 — a 
r-1-3/16 4 3/8 


Ne all 


—center 


, | _ 
es 20 ©)- 


Mount the bottom insert (Item 3) in the lathe 
chuck (or step collet). Face the end and turn 
the.625" diameter hub. Center drill, drill and ream 
the .250" diameter hole. Remove, reverse, mount 
in a 5/8" collet, and face to 3/16" width. Set the 
workpiece up in the mill vise. Use a 3/6" end mill 
and add a .250 x .250" slot on the center of the 
part. Mount in the index head on the mill. Indicate 
on center. Add three holes and countersink. 

Tap the 10-32 hole. Repeat the above procedure 
for the top insert (Item 4) — adding the four holes 


40g and engraved line. 
are G 


Mount the adjusting nut (Item 7) in a 3/4" lathe 
collet. Face the end, center drill, then drill and tap 
the 7/16-20 hole. Reverse in the collet and face to the 
11/16" length. 


Mount the drive screw (Item 5) in the 1/2" lathe collet. 
Face the end, center drill, turn the 3/8" diameter x 3/8" 
and .250" diameter x 5/32" shoulders. Reverse in the 
lathe, and face to length; turn the .250" diameter x 
1-3/16" area. Reverse, mount the 1-3/16" shaft in a 1/4" 
lathe collet and support the other end with a live center. 
Turn the OD to .4375". Cut the 7/16-20 thread using 
the adjusting nut as a gage for a good running fit with 
no side play or chucking. 


Make your spacer (Item 6). Press on the drive screw 
(Item 5) at the left end. Thread the adjusting nut onto 
the drive screw and against the spacer. Set up in the 
lathe and turn to the .624" diameter. Remove the 
adjusting nut and add two 2-56 tapped holes. 


Mount the knob (Item 8) in the lathe chuck. Face and 
then turn the 3/4" diameter and relief area. Knurl using 
a quick-acting clamp-type unit. Reverse in the chuck. 
Use a brass shim between the jaws and the part. 
Indicate on the center, face to length and turn the .937" 
diameter. Add the .250" hole. Drill and tap the 4-40 
hole. Place the adjusting scale (Item 9) stock in the lathe 
chuck. Face, center drill, drill and bore the .937" center 
hole. Use the knob (Item 8) to assure a good tight slip 
fit. Reverse, mount in the step chuck, and face to the 
3/8" width. Mount on a .937" step arbor in a dividing 


Ne ' ; | | 
(5) DRIVE SCREW 
~~ CRS-1020 
] 
friction fit on 
eSiiieye 70 1-1/8 
mee 2-56 (2 pl) - ee ak + 
Ne - 3/16 eae : 
“ wile hy 824 I 
| - Engrave 50 divisions 
7 ee Ca asa equally spaced. 
| —=->-15/32 Stamp 0, 10, 20, 30, 40° 
(6) SPACER 7 ADJUSTING NUT KNOB (9) ADJUSTING SCALE 
~ CRS-1020 Oilite CRS-1020 CRS-1020 
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Engrave 0-2", 
.050" spacing. LL 
Stamp each No. 31 drill (2 pl) -e 1/16 
100 and 1.0, 2.0. (0) FIXED SCALE 
CRS-1020 tubing 
head on the mill. Engrave eae 
according to the directions in ‘ aia 
the drawings. Remove and vee 
stamp with 1/16" numbers. ze 40 
.370 rie 


Item 10 (fixed scale) is made 
from a section of steel tubing. 
Band saw a strip 1/2" wide x 
3-1/16" long from the raw 
stock. Set up in the mill, and 
trim the width to 3/8" x 3" | 
long. Lay out and drill two 
holes. Drill and tap two 2-56 
holes at 2-3/4" center distance 
on a piece of 1.0" diameter x 4" stock. Assemble the 
fixed scale to this fixture. Mount in the mill vise. 
Engrave and stamp as in the drawing. Mill both ends of 
3/8 X 3/8" stock for the scribe holder (Item 11) to 1.0" 
length. Clamp in the mill vise on a thin parallel. 
Machine a .562 x .255" deep slot. Turn it over with the 
slot side down and mill the opposite side to its 5/16" 
total thickness. Solder a 1/16" piece as shown. Lay out, 
drill and tap the 4-40 hole. 
Clamp in a 9/16" collet and 
turn the angle to meet the 1/4" 
diameter land area. 


SCRIBE HOLDER 


(41) 
aa CRS-1020 


(2) LOCK SCREW 
~~ CRS-1020 


FS 
1.0 | ae : 
drill No. 37 fucka oe 


[ <— 25000 (2 pl) 2501 _] 
312"R = 
(3) SCRIBE MOUNT (14) SCRIBE 
» 01 tool steel 0-1 tool steel 
—drill No. 37 (2 pl) 
\ 18 
11625} = - abs 
D _— scribed line 
oof | 
slate 3/18 
"3/8" 
3/4 - 3/8} C01 
Y_ at es 
— i : re Ba 
3/32 - 083 / | \\ 5/8" a oe 
Le Lig 
(45) INDICATOR (6) CLAMP 
~~ CRS-1020 “brass, soft 
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Items 12 through 16 are fairly simple parts and should be 
no trouble to make. Use a 5/8" extra long end mill or a fly 
cutter to cut the radius on Item 13. For the indicator 
(Item 15), machine the part complete according to the 
drawing, less 5/8" radius, and scribe a mark. Face the end 
of a 1-1/4" diameter piece of stock. Mill a .083" deep x 
3/4" long flat at the faced end. Drill and tap two 2-56 
holes at the .187" center distance. Clamp the indicator to 
the fixture with screws. Mount in the lathe chuck and 
turn a 5/8" radius. Add a scribe line. 


Case harden Item 2 to a medium depth (.020" -.040"). 
Harden the scribe (Item 14) to Rockwell hardness 
RC-C55/60. Polish the housing and surface grind both 
ends to clean up only. Use a precision V-block on the 
grinder table. Surface grind the top and bottom of the 
housing to meet the .108" and .616" dimensions. Polish 
the outside diameters. Grind the scribe to a sharp point 
and polish the sides. 


ASSEMBLY PROCEDURE 


Install the bottom insert in the bottom end of the 
housing, and clamp with 2-56 x 3/8" flathead screws. 
Press the housing into the base. Make the bottom flush 
with the face of the inner counterbore. Thread the 
adjusting nut on the drive screw. 


Place the drive screw inside the housing and into the 
bottom insert. Install the top insert (Item 4) into the 
housing and clamp with 2-56 x 1/4" flathead screws. 
Add shims or face the spacer as required to assure 

there is no end play of the drive screw. Assemble the 
scribe mount (Item 13) to the adjusting nut with one 
2-56 x 3/8" right-hand machine screw (RHMS) in 
bottom hole. Install the indicator (Item 15) on the scribe 


BILL OF MATERIALS 


|.No. | QTY.| NAME MATERIAL SIZE (INCHES) 
1 1 | Housing CRS, 1020 1vedia. x 3% 
2 1 | Base CRS, 1020 2% dia. x % 
3 1 | Bottom insert CRS, 1020 1vedia. x % 
4 1 | Top insert CRS, 1020 1% dia. x He 
5 1 | Drive screw CRS, 1020 Vadia. x 5 
6 1 | Spacer CRS, 1020 Ya dia. x 1/4 
7 1 | Adjusting nut Oilite % dia. x 1 
8 1 | Knob CRS, 1020 1Y%edia. x 2 
9 1 | Adjusting scale | CRS, 1020 1% dia. x 1% 
10 1 | Fixed scale CRS, 1020 tubing | 1.01D, 1%ODx3% 
11 1 | Scribe holder CRS, 1020 % Xx ¥% xX 1"V6 
Ys x % Xx 1.0 
12 1 Lock screw CRS, 1020 %8 dia. x 1% 
13 1 | Scribe mount 0-1 tool steel YM x 1.0 x 16 
14 1 | Scribe 0-1 tool steel Wax ¥% x 16 
15 1 | Indicator CRS, 1020 vx %x % 
16 1 | Clamp brass, soft 015 x %x 1 
Hardware 
ES flathead screws 2-56 x % 
3 | flathead screws 2-56 x Y% 
2 | roundhead screws 2-56 x % 
3 | roundhead screws 2-56 xX % 
ee Allen head setscrew 4-40 x % 


mount using one 2-56 x 3/8" and one 2-56 
x 1/8" RHMS. Mount the fixed scale 
(Item 10) to the housing using 2-56 x 1/8" 
RHMS. Install the adjusting scale on the 
knob (a setscrew could be added to the 
adjusting scale, if required). Assemble the 
knob to the drive screw protruding shaft 
and clamp on the flat with a 4-40 setscrew. 
Install the scribe holder, lock screw, 

scribe and clamp. 


Calibrate as follows: Place a height gage on 
the surface plate. Adjust the knob to place 
a scribe mark on the indicator in line with 
the 1.0" mark on the fixed scale. Set the 
adjusting scale to zero by holding the knob 
and rotating the adjusting scale. Place the 
1.000" gage block between the scribe 
bottom and the surface plate. Grind the 
appropriate surface of the scribe to achieve 
the 1.000" position. 


Note: Oilite bearings could be used in the top and 
bottom inserts. However, I made this gage many 
years ago and it still turns freely, has no play between 
threaded rod and nut, and is still accurate for layout 


The miniature height gage components ready for assembly. 


A= 1.000 
2.000 
3.000 


FIXTURE FOR (15 ) 


OPTIONAL RISER BLOCK 


work. I am also proud to say that it was on display in 
a showcase at the Rochester Institute of Technology 
for several weeks. I also fabricated three riser blocks 
to extend the height. 
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Quick- 
Adjusting 
Boring Heag 


any years ago, an idea came to me 
Mee I was trying to get away from the 
typical wrench adjusting boring head. 
I thought this was a unique way to make a 
boring head, but I wasn’t sure if it could be 
made, let alone actually work. It’s possible that 
some commercial boring heads are fabricated 
using this method. Since I had nothing to lose, 
giving a try seemed worthwhile. The toughest part 
was cutting the spiral groove. Since my memory has 
faded fast during the last few years, the method of 
construction shown is to the best of my recollection. A 
small knurled knob, which would make the unit 
completely wrench-free, could replace the socket head 
clamping screw. 


Start the fabrication with the main body (Detail 1). 

Set up the stock in the lathe chuck, indicate it in to run 
true, and face one end. Center drill this end, re-clamp 
the piece into the chuck with 2-1/2" protruding and 


1.25 [T2500 
2.00 | | 
2.438 | ; 
ae i>; 2.750 _— Slot for Detail 45 
: _ ie 
i P.813 02.25 
}~ 7] 02.125 
A} ee i 


.063 


Groove for 
m—+— .750 ~—s zero reference 


.031 deep slot : 062 312 clbore - .25 deep 
(opt name location)- .18 10-32 tap thru 


~@ fi | MEN | = "eRe BODY 


(ay mat'l- CRS 
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| i 
| 
1-64 tap | i 
.25 deep | {| 
2 places— Li | 281 


10-32 tap pes 
ie places aaa | eee 


592 —-—4 


ay, Relieve this 
60° TS e0 face to allow 
B ‘a for the gib 
ne Js| | 70 (etail®) 
ru 


.375 dia 
.75 deep 
2 places 


) suing 


mat'l - CRS 


engage the live center after indicating it to run true. 
Turn the piece down to the 1/2", 3/4", 13/16" and 2-1/8" 
xX 1/16" diameters. Remove the work from the chuck, 
place it in a 3/4" collet, and face to the 3-3/16" length. 
Turn the outside diameter to run true. Remove the 
work from the lathe and set it up on a mill vise with 

a V-block clamped onto the 3/4" diameter. Mill a .730" 
slot 3/8" deep across the face. Machine the 60° angles 
using a dovetail cutter. Take light cuts using plenty of 
oil. Produce the best possible finish on all of the 
surfaces. Machine the 1/16" x 1/4" x 1-19/32" groove. 
Drill to remove material, and then machine through the 
3/16" wide groove. Machine the 1/32" x 1/4" groove on 
the face. Stamp your name into this face groove, if you 
wish. Remove this workpiece from the mill. Add the 
10-32 tapped hole and the 5/16" counterbore. 


2 
zg 
z 


BILL OF MATERIAL | 


NO. QTY NAME MATERIAL SIZE 
| 1 Body CRS 2-1/4" dia x 3-1/4" 
2 1 Slide CRS 1-1/8" x 11/4" x 1-3/4" 
3 | Dial, Adj CRS 2-3/8" dia x 3/4" 
4 1 Locator, Key Tool Steel VA eee xy" 
5 1 Clamp Ring CRS 1-1/4" dia x 3/8" 
6 | Gib Ground Stock 1/32" x 1/2" x 1-3/4" 
Fig2 1 Fixture Aluminum 2-1/2" dia x 2" 
HARDWARE 
QTY TYPE SIZE 
A 1 Socket Head Cap Screw 10-32 x 1/2" 
B 1 Flat Head Machine Screw 1-64 x 1/4" 
G 1 Flat Head Machine Screw 1-64 x 1/2" 
D 1 Socket Head Setscrew 4-40 x 1/4" 
E 2 Socket Head Setscrew 10-32 x 1/4" =+| 


FIXTURE 
G1.00 02.375 
Knurl 
.605 ] 
| 
.667 .062 


Engrave : \- .050 wide 
and stamp 2.100 spiral slot 
to suit -+—— 02.25 .100 p.d. 


ADJUSTING DIAL 
mat'l - CRS 
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~~ 


i 


| 
.062 .094 4-40 tap +188 
360 es aka, fe | | 60° fe ga il 
| L.—-} 4185 ww | : ie rae tT ats bot sides TE gay 
[ [ { 
| , Be 
[> -2p0 | ee $1.00 —+ 50 ++ 
125 =| #47 drill thru noe | 
c'sink for #1 FHMS ; | 
HH places N mes .219 
| IP | 1.75 
a | |S Nie: hs 0.18 Ory 
ci ace —_ 015 deep— | 
245 |e = 
J. le a | 1.00 
.093 @ R.750 | z) aap = 


=— .308 a4 


4 ) LOCATOR KEY 
mat'l - tool steel 


Square up a piece of stock for the slide (Detail 2) in a 
milling machine vise. Lay out all the hole locations, 
drill, ream, and tap the .375" diameter and 1-64 holes. 
Be very careful when tapping the 1-64 holes. Remove 
metal on both sides to achieve the 3/4" x 3/4" 
dimensions. Machine the 60° angle areas, holding the 
angles as close as possible while maintaining a good 
surface finish. Lay out, drill, and tap the 10-32 holes. 


The dial adjuster (Detail 3) will be the most critical part 
to fabricate. Start by facing a blank to the proper width 
in the lathe chuck. Drill and bore the .814" and 1" x 
-115" deep holes on center. Mount the piece on a 13/16" 
expansion arbor and turn the outside to the dimensions 
shown. When I made this tool, we had just acquired a 
new Hardinge lathe with electronic speed control on the 
spindle and the Y-axis. By trial and error, I coordinated 
the two speeds to achieve a very slow spindle speed 
with a .100" infeed per one revolution of the spindle.» 
I ground a cutoff tool to .050" wide and removed a few 
thousandths at a time while leaving the Y-axis control 
engaged. By starting the spindle, taking a cuty.quickly 
pulling the cutter out of a groove once it reached the 
center hole, stopping the spindle, reversing past the 
start position, and repeating this process until reaching 
the 1/16" depth, the spiral groove was cut. 


The part was mounted in a step collet during this 
procedure. This operation took a lot of patience, 
coordination, and complete concentration on the job 

at hand. Remount the workpiece on the 13/16" lathe 
expansion arbor and knurl, using a quick-acting 

clamp type unit to eliminate the side pressure of the 
headstock. Mount in an index or diving head on the mill 
and engrave the degree marks. Remove and stamp the 
part as shown. This is, to the best of my memory, how I 
accomplished the fabrication of the dial adjustment. 
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CLAMP RING 
mat'l- CRS 


@han (88 
mat'l - ground stock 


If this procedure is not completely accurate, do not 
whip me for my failing memory; you too will be 
there someday! 


The locator key (Detail 4) is a delicate little part. Square 
up the material in a mill vise and mill the .185" wide 

x .245" high area. Clamp the part in the Fixture and 
very carefully turn or mill the .750" and .798" radii. 
Layout the .093" radius and file to the line. Lay out, 
drill, and countersink for the 1-64 FHMS. Harden 

and draw to Rockwell C/50-55. 


Mount the stock for the clamp ring (Detail 5) in the 
lathe. Face both ends to a 5/16" width. Drill and bore 
the 3/4" center hole and then turn the 1" diameter 
shoulder. Add the 4-40 tapped hole. 


Machine 60° angles on both sides of the gib (Detail 6). 
Clamp the part to the mill table and use a 3/16" two- 
flute end mill to add a spot face. 


ASSEMBLY PROCEDURE 


Place the key locator in the slot of the main body with 
the key protruding up. Install the shim and adjust the 
10-32 socket head cap screw to just engage the spot face. 
Place Detail 2 in the V-way with the two 1-64 tapped 
holes in the slot area. Align the slide with the key 
locator and install two 1-64 FHMS. Larger size boring 
capabilities could be achieved by adding more 1-64 
tapped holes in the slide, maintaining the .281" centers. 


Place the adjusting dial over the main body so that the 
key on the key locator engages the spiral slot. Install the 
clamp ring and clamp all together with a 4-40 setscrew. 
Remove, file a small flat for the setscrew, and 
reassemble. Turn the dial to adjust the boring tool 

that is clamped in the 3/8" hole in the slide. 

Clamp the 10-32 SHCS during the boring operation. 


